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b-hadron decays to charmless final states

This section provides branching fractions (BF), polarization fractions, CP asymmetries
(Acp) and other observables of b-hadron decays to final states that do not contain charm
hadrons or charmonium mesonsﬂ except for a few lepton-flavour- and lepton-number-violating
decays reported in Sec. @ Four categories of B and B* decays are reported: mesonic (i.e.,
final states containing only mesons), baryonic (hadronic final states with baryon-antibaryon
pairs), radiative (including a photon or a lepton-antilepton pair) and semileptonic/leptonic
(including/only leptons). We also report measurements of BY, Bf and b-baryon decays, and
measurements of final-state polarization in b-hadron decays. Results of CKM-matrix parame-
ters obtained from Acp measurements are listed and described by the HFLAV Unitary triangle
angles group. Measurements included in our averages are those supported with public notes,
including journal papers, conference-contributed papers, preprints or conference proceedings,
except when a result has not led to a journal publication after an extended period of time.

The largest improvements since our last report [1] have come from a variety of new mea-
surements from LHCb and Belle-II. This includes LHCb’s update of the ratio Rg«, which is
now consistent with the standard model prediction at the level of 0.6 standard deviations, as
well as the first evidence of the decay B — Kvv from Belle II.

The averaging procedure follows the methodology described in Sec. 3 of the latest HFLAV
publication. We perform fits of the full likelihood function and do not use the approximation
described in Sec. 3.1. Thus, observables that are related to each other, e.g., by ratios of
branching fractions, are fitted jointly. Details about all the observables involved in each average,
as well as the induced correlation coefficients and p-values, are available via clickable links from
each average in the tables on our web page IQIE] In total 404 fits are performed, with on average
(maximally) 1.2 (37) parameters and 4.1 (20) measurements per fit. In our tables, each group of
rows contains the individual measurements and the average corresponding to a given parameter
pj. The cases where the fits incorporate measurements that are functions of p;, which are used
as direct inputs to the fits, are indicated with a footnote. In general, a value of p; is not quoted
in the tables. There are two exceptions to this: a ratio of branching fractions, p;/py, where py, is
the branching fraction of a normalization mode, and a product, p;p; of the branching fraction
of interest with that of a daughter decay. In these two cases the numerical value of p;, naively
obtained using the known value of py, is quoted in the tables for reference, and the uncertainty
on py, is included in the systematic uncertainty on p;.

Systematic uncertainties are taken as quoted in the original publications, without the scaling
of multiplicative uncertainties discussed in Sec. 3.3. When several systematic uncertainties are
given separately, we sum them in quadrature and quote a single systematic uncertainty. These
cases are marked by a footnote.

!The treatment of intermediate charm or charmonium states differs between observables and sometimes
among results for the same observable. In the latter case, when these results are averaged, we indicate the
differences by footnotes.

2Where available, other sources of correlations between measurements of the same observable and among
different observables are also taken into account.


https://hflav.web.cern.ch/content/unitary-triangle-angles
https://hflav.web.cern.ch/content/unitary-triangle-angles
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.107.052008
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.107.052008

If one or more experiments report a BF measurement with a significance of more than three
standard deviations (o), all available central values for that BF are used in our average. For
BFs that do not satisfy this criterion, the most stringent limit is used. Quoted upper limits
are at 90% confidence level (C.L.), unless mentioned otherwise. For observables that are not
BFs, such as Agp or polarization fractions, we include in our averages all the available results,
regardless of their significance.

Many of the branching fractions from BABAR and Belle assume equal production of charged
and neutral B-meson pairs. The best measurements to date show that this is still a reasonable
approximation (see Sec. 4 of the latest HFLAV publication), and thus, we do not correct for it
and simply quote the results from the original publications.

At the end of some of the sections, we list results that were not included in the tables.
Typical cases are measurements of distributions, such as differential branching fractions or
longitudinal polarizations, which are measured in different binning schemes by the different
collaborations, and thus cannot be directly used to obtain averages.

Observables obtained by Dalitz-plot analyses are marked by footnotes. In these analyses,
different experimental collaborations often use different models, in particular for the nonreso-
nant component. When applicable, we detail the model used for the nonresonant component
in a footnote. In addition to this, Dalitz-plot analyses often yield multiple solutions. In this
case, we take the results corresponding to the global minimum and follow the conclusions of
the papers.

In most of the tables, the averages are compared to those from the PDG 2022 [3] and
2023 update |4]. When this is done, the “Average” column quotes the PDG averages (in italic
characters) only if they differ from ours. In general, such differences are due to different input
parameters, differences in the averaging methods and different rounding conventions. Unlike
the PDG, no error scaling is applied in our averages when the fit x? is greater than 1. On the
other hand, the fit p-value is quoted if it is below 1%. Input values that are not included in
the PDG 2023 average are marked with footnotes. These are new results published since the
closing of PDG 2023 and before the closing of this report in September 2023. Input values that
were unpublished at the closing of this report (unpublished results are never included in the
PDG averages) are also marked with footnotes.

Sections [1] and [2] provide compilations of branching fractions of B® and B™ to mesonic and
baryonic charmless final states, respectively. Sections 3| and 4| and |5 give branching fractions of
b-baryon, B%-meson, and B;” meson decays to charmless final states, respectively E] In Sec. @
observables of interest are given for radiative decays and FCNC) decays with leptons of B® and
BT mesons, including limits from searches for lepton-flavour /number-violating decays. Finally,
sections [7] and [§| give CP asymmetries and results of polarization measurements, respectively,
in various b-hadron charmless decays.

3Except for decays of BJf mesons to final states containing B? mesons, which are quoted in Sec. 8.5 (Decays
of B mesons) of the latest HFLAV publication.


https://arxiv.org/abs/2206.07501

1 Mesonic decays of B* and B’ mesons

This section provides branching fractions of charmless mesonic decays. Tables[1]to[12]are for B*
and Tables [13|to[27 are for B® mesons. For both, decay modes with and without strange mesons
in the final state appear in different tables. Finally, Tables and detail several relative
branching fractions of B* and B° decays, respectively. Figure [1| gives a graphic representation
of a selection of high-precision branching fractions given in this section.

Table 1: Branching fractions of charmless mesonic B* decays with strange mesons

(part 1).
Parameter [107°] Measurements Average HFLAV
Belle [3] 23.97 £0.53 £0.71
Belle IT [6]  24.440.7+0.9
B(B* = Ko+)! BaBar [7] ~ 23.9+1.1+1.0 zj’iffﬁ
CLEO 8] 18.8 131431 R
LHCD [9]2
Belle [3] 12.62 + 0.31 + 0.56
Belle IT [6]  13.94+0.4+0.7 13.24 0.4
+ +.0
B(B" = K*n7) BaBar {10]  13.6+0.6 £ 0.7 12.920.5
CLEO |[§] 12.9 725412
BaBar [11]  71.54+1.3+3.2
Belle [12] 69.2 +2.24 3.7
Belle 1T [13]F  63.47334+3.4 68.9+2.3
+ G 3.3
B(BT =/ K¥) Belle [14] 61730 +1 70.4+42.5
CLEO [15]  80F0+7
LHCbD |16
BB+ — if [£*(892)") BaBar [17] 48716408 LgHLE
" Belle [18] <29 ©-16
B(Bt — n/(Km);") BaBar [17]  6.0737 +0.9 i'oonf 25
B(B* — 7/Kz(1430)*) BaBar [17]* 524 1.9+ 1.0 52421
B(B* — /K3(1430)") BaBar [17]  28.0 75426 szjfz
Y =5.0

' Preliminary result.

" Not included in PDG average.

1 The PDG average is a result of a fit including input from other measurements.
2 Measurement of B(B* — KJFFO)/IS’(BJr — K%") used in our fit.

3 Measurement of B(B? — n/'n/)/B(BT — n K*) used in our fit.

4 Multiple systematic uncertainties are added in quadrature.



Table 2: Branching fractions of charmless mesonic B* decays with strange mesons (part 2).

Parameter [107°] Measurements Average LAV
Belle [19] 2124023 £0.11
B(BT — nK*)! BaBar |11/ 2.94 7039 4+ 0.21 2.36 £ 0.21
1 2.8 2.6 103
CLEO |15 22433
. . BaBar [20 1894 18413 109413
B(B* — nK*(892)") Belle [21] 193420415 o
CLEO [15] 264735433 A
B(BY = n(Km)i) BaBar 20 182426426 oot 0
B(B* — nK;(1430)")? BaBar [20]> 12.9+1.8+1.8 129£18
i 18.2+3.7
B(B* — 1K (1430)") BaBar 20 9.1+2.7+ 1.4 E
B(Bt — n(1295)K*) x B(n(1295) — naw)  BaBar [22] 2918 +0.2 29192
B(B* — n(1405)K™) x B(n(1405) — nrr) BaBar [22] <13 <13
B(B*+ — 1(1405)K*) x B(n(1405) — K*K)  BaBar [22] < 1.2 <12
B(B* — n(1475)K ") x B(n(1475) — K*K)  BaBar [22]  13.8+18+10 13.8 121
BB+ N : < 0.80
(B+ — f1(1285)K*) x B(f,(1285) — nrr)  BaBar [22] < 0.8 -
B(BT — f1(1420)K*) x B(f1(1420) — nmm)  BaBar [22] <29 <29
B(B* — f1(1420)K*) x B(f1(1420) — K*K) BaBar [22]  <4.1 <41
B(B* — ¢(1680)KT) x B(¢(1680) — K*K) BaBar [22] <34 <34
BaBar [23]* 17+4+12 17+ 12
+ + |
B(BT = fo(1500)K™) BaBar [23° 20 4 10 4 27 a2

! The PDG uncertainty includes a scale factor.

2 The PDG entry corresponds to B(B* — n(Km)5").

3 Multiple systematic uncertainties are added in quadrature.

4 Result extracted from Dalitz-plot analysis of BT — KTK K~ decays.
® Result extracted from Dalitz-plot analysis of Bt — KSKYK ™ decays.



Table 3: Branching fractions of charmless mesonic B decays with strange mesons (part 3).

Parameter [1079] Measurements Average LAV
Belle [24 68L04+04
B(B* — w(782)K*)! BaBar 25| 6.3+ 0.5+0.3 6.47 4 0.40
CLEO [26] 32720408
B(B* — w(782)K*(892)") BaBar 27 <74 <74
B(B* — w(782)(K7)5") BaBar [27]  27.5+3.0+26 27.5+4.0
B(B* — w(782)K;(1430)*) BaBar [27]  24.0 +2.6+4.4 24.0+5.1
B(B* — w(782)K3;(1430)") BaBar [27]  21.5+3.6+24 21.5+43
B(B* — ao(980)* K°) x B(ao(980)* — nr+) BaBar [28] < 3.9 <39
B(B* — ag(980)°K*) x B(ao(980)° — nn®)  BaBar [28| <25 <25
BaBar [29>  10.8 +0.611% 104408
B(B* — K*(892)°7") Belle [30/° 9.67 4+ 0.64 7558 1o
BaBar [31)>* 14.6 £2.47]43 T
BaBar [31/** 9.2+1.310% 88419
B(B* — K*(892)*x°) BaBar 32|  824+1.5+1.1 o
CLEO [26] 7174 +1.0 08509
LHCb [33]°  57.71+0.37+1.45
_ BaBar [20|2 544+ 11446 57.6 1.4
+ ++ ,
B(B™ = Kntn™) Belle (30]7  48.8+1.1+3.6 51.0£2.9
Belle IT [34]f  67.0+3.34+2.3
~ BaBar [29/26 9.3+ 1.0 16.3139
+ + _+ | 1.7 1.8
B(B™ — K*mrr™(NR)) Belle [30]7  16.9+1.3%17 16.3121

t Preliminary result.

! The measurement from the Dalitz-plot analysis of B* — KTn"7~ decays |29 was not included in this
average. It is quoted as a separate entry.

2 Result extracted from Dalitz-plot analysis of BT — KTrT7~ decays.

3 Result extracted from Dalitz-plot analysis of Bt — K3 t7" decays.

4 Multiple systematic uncertainties are added in quadrature.

® Using B(Bt - KTKTK™).

6 The total nonresonant contribution is obtained by combining a exponential nonresonant component
with the effective-range part of the LASS lineshape.



Table 4: Branching fractions of charmless mesonic BT decays with strange mesons (part 4).

Parameter [1079] Measurements Average HFLAV
B(B* = w(T82)K* (K*7+7-))! BaBar [20]2 5.9 788+05 > f 28'9
BaBar [29]>  10.3 4+ 0.5 ) 9.40 053
+ + +, - | —14 —0.92
B(BT = fo(980)KT) x B(fo(980) = 7°77) gy 307 878 £ 0.82408 o jperie
Belle |30/ 1.334+0.30702%  1.07+0.31
+ + | —0.34
B(BT = £(1210)K7) BaBar [29/2  0.89 1053 T0-01 1.07+0.27
B(B* — f5(1370)K*) x B(fo(1370) — 7tx~) BaBar [35]> < 10.7 <11
B(B* — p(1450)°K*) x B(p(1450)° — nt7~) BaBar [35]> < 11.7 <12
B(Bt — f3(1525)K ) x B(f5(1525) — 7#"7~) BaBar [35*> <34 <34
BaBar [29]?  3.56 £0.4570%  3.74 +0.47
+ 0 + ] —0.46
B(B™ = p(T70)K™) Belle 07 3.80 £ 047108 55 0
BaBar [29]>  32.0+1.21%8 46.94 5.0
B(B* — K{(1430)°7%)3 Belle [30/ 51.6 + 1.7 onii
BaBar [31|%°  50.0 +4.8 757 Rl
BaBar [29/> 56+12%0% 56134
+ * 0.+ | —0.8 —14
B(B™ — K;(1430)"7) Belle 362 < 6.9 5.6+22
B(B* — K*(1410)°7™) Belle 362 < 45.0 <45
Belle [36]? < 12.0
+ * 0+ d
B(BT — K*(1680)°7*) BaBar B32 < 15.0 <12
B(B*t — Ktn7%) BaBar [32]  162+1.24+15 162+1.9
| B(B* — fo(980)K*) x B(fo(980) — 7°7°)
BaBar [32]  2.8406+05 2.840.8

! This result was not included in the main entry of B(B* — w(782)K ™).
2 Result extracted from Dalitz-plot analysis of BT — KTnt7~ decays.

3 The PDG uncertainty includes a scale factor.

4 Result extracted from Dalitz-plot analysis of BY — K2n "7 decays.

® Multiple systematic uncertainties are added in quadrature.



Table 5: Branching fractions of charmless mesonic B* decays with strange mesons
(part 5).

Parameter [1079] Measurements Average HFLAV
LIOCh B7] < 0.046
BBt — K-ntnt) BaBar B8] < 0.95 < 0.046
Belle [39] <4.5
B(B* — K-n*x*(NR))  CLEO [40] <56 < 56
B(B* — K, (1270)°7+) BaBar [41] < 40 < 40
B(B*T — K;(1400)°7™) BaBar [41] <39 <39
B(B* — K°n*7°) CLEO 2] < 66.0 < 66
17.2 +2.8
B(B* — K;(1430)*7°) BaBar [31]'2 17.2+£24%1% o 53»328
9 4+1.9
B(B* — p*(770)KY) BaBar [31]'? 9.4 +1.675% o 2

—1.2

B(BT — K*(892)*n*tn~)  BaBar [43]  753+£6.0+81 75410
B(B* — K*(892)*p°(770)) BaBar [44]  46+104+04  46+1.1

| B(B* — f5(980)K*(892)*) x B(fo(980) — 7+ 7~)
BaBar [44] 4.240.6+0.3 4.2+0.7

B(B* = a1(1260)+ K°) BaBar [45]  34.9+50+44  34.9+6.7

| B(B* — b1(1235)" K°) x B(b1(1235)° — w(782)7+)
BaBar [49]  9.6+1.7+09  9.6+1.9

BaBar [46] 9.6+ 1.7+15

+ * 0, ,+
BBY = K227 (T10)  goje a7? 89+ 17412 P2 ELD
B(B*+ — K,(1400)*0°(770)) ARGUS [48] < 780 < 780
B(B* — K;(1430)*p°(770)) ARGUS [48] < 1500 < 1500

! Result extracted from Dalitz-plot analysis of BT — K27 7® decays.
2 Multiple systematic uncertainties are added in quadrature.
3 See also Ref. [50].



Table 6: Branching fractions of charmless mesonic B* decays with strange mesons
(part 6).

Parameter [107°] Measurements Average HFLAV

| B(B* — b1(1235)°K ") x B(b1(1235)° — w(782)7°) |
BaBar [53]  9.1+1.7+1.0 9.1+2.0

| B(B* — b1(1235)7 K*(892)°) x B(b1(1235)* — w(782)7+) |
BaBar [54] <5.9 <5.9

| B(B* — b1(1235)°K*(892)*) x B(b1(1235)° — w(782)7°) |
BaBar [54] <6.7 <6.7
Belle [7] 1.11 +0.19 £ 0.05

B(BT = K+K')! LHCbH [9]2  1.53+£0.2240.10 }iifgl4
BaBar [7] 1.61 + 0.44 + 0.09 S

B(B* - K K+7°) CLEO [42] <240 <2
Belle [51] 1042 +0.43+£0.22  10.29 +0.37

+ + 770 170\3

B(BY = KT K Ky) BaBar [23|*° 10.14+0.5+0.3 10.4940.87

| B(B* — fo(980)K*) x B(f2(980) — K3K?) |
BaBar [23]* 14.74+28+18 14.7+33

| B(B* — fo(1T10)K*) x B(fo(1710) — KJKQ) |
BaBar [23]*  0.48 7039 £0.11 0.48 7034

B(B* — K*K9K%(NR)) BaBar [23]¢4 19.8£3.7+2.5 198 +45

BaBar [52] < 0.51

+ 0770+
B(B" = KgKgm™) Belle [51] < 0.87

< 0.51

! The PDG average is a result of a fit including input from other measurements.

2 Using B(B*™ — K°r™T).

3 PDG uses the BABAR result including the y.o intermediate state.

* Result extracted from Dalitz-plot analysis of BT — K3K2IK™ decays.

> All charmonium resonances are vetoed. The analysis also reports B(BT —
K2KYK™) = (10.6 + 0.5+ 0.3) x 1079 including the y.o intermediate state.

6 The nonresonant amplitude is modelled using a polynomial function of order 2.



Table 7: Branching fractions of charmless mesonic B decays with strange mesons (part 7).

Parameter [107°) Measurements Average HFLAV
LHCD |33/ 5.124+0.14 £0.29
B(B* — K*K~*) Belle 552 5.38 & 0.40 % 0.35 52165 2'26
BaBar [56] 5.0 +£0.5+0.5 o0
.. 1.62 +0.24
B(B* — K*K-n*(NR)) LHCh 57 1625 +£0.075 40221 "= 02
— BaBar [58] <11 0.57 190t
+ 0+ , 20.06
B(BT — K (892)°K7) LHCD [57/%6 0.5940.08
— BaBar |58 <22 0.37 1515
+ 0+ , 20412
B(B™ = K, (1430)°K7) LHCb [57/>7 0.38+0.13
, 0.825 *407%
B(Bt — KTK~n") 7w <> KK rescattering LHCb [57/%%  0.825 4+ 0.040 + 0.065 0078
' 0.853+0.094
LHCb B7] <0011
B(B* — K*K*+n™) BaBar B3| < 0.16 <0.011
Belle [39] <24
BaBar [23]'  1.56 % 0.36 £ 0.30
B(B* — f3(1525)K*)? BaBar [23|''  2.84+0.970% l'zgioi 2'42
Belle 6] < 8.0 1792504
B(B* — f,(2220)K) x B(f;(2220) — pp)  Belle 59 <0.41 <041
B(BT — K*(892)*ntK™) BaBar [43] <11.8 <12
- Belle [60] 0.77 93> 4+ 0.12 0.9140.30
+ * + 0 | 0.30
B(BT — K*(892)7K (892)") BaBar [61] 1.2+ 0.5+0.1 0914030
B(B* — K*(892)"K*7") BaBar [43] < 6.1 <61

" Not included in PDG average.

! Using B(B* - KT KTK™).

2 Also measured in bins of my+ - and mg+,-.

3 LHCb uses a model of nonresonant obtained from a phenomenological description of the partonic inter-
action that produces the final state. This contribution is called single pole in the paper, see Ref. [57| for
details.

4 Using B(BT — KTK—77).

® Result extracted from Dalitz-plot analysis of BT — K+TK 7" decays.

6 Measurement of (B(BT — K (892)° K*)B(K*(892)° — K7)2/3)/B(B* — K*K~x") used in our fit.

7 Measurement of (B(Bt — K,(1430)° K+)B(K*(1430) — K7)2/3)/B(B* — K*K~n") used in our fit.

8 LHCb uses a dedicated lineshape to take into account 77w <+ KK rescattering, which is particularly
significant in the region 1 < mgx < 1.5 GeV/c?. See Ref. |57/ for details.

9 The PDG uncertainty includes a scale factor.

10 Result extracted from Dalitz-plot analysis of BT — KTK*TK~ decays.

1 Result extracted from Dalitz-plot analysis of BT — KGK3K™ decays.



Table 8: Branching fractions of charmless mesonic B™ decays with strange mesons
(part 8).

Parameter [1079] Measurements Average HFLAV

BaBar |23 34.6+06=£0.9
_ Belle [36] 306+12+23 33.9 0.7
+ + i+ 1,2 ,

B(BY = KTKTKT) Belle IT [34]!  35.8 £ 1.6+ 1.4 540414
LHCD [62]>67, [33]%9:10
BaBar [23]°  9.240.4707
Belle [36]> 9.60 4+ 0.92 7402

B(B* — ¢(1020)K*)* Belle IT [63|T 6.7+ 1.140.5 j-jjjf-“
CDF [64] 7.64+1.340.6 0
CLEO [65] 5.5 +£0.6

| B(B* — f5(980)K) x B(fo(980) — K+K~) |

BaBar [23° 9.44+1.64+2.8 9.4+ 3.2

| B(B* — a2(1320)°K*) x B(a2(1320)° — K*K~) |
Belle 36/ <11 <11

| B(B* = ¢(1680)K*) x B(¢(1680) — K+K~) |
Belle [36]* <0.8 <0.8

| B(BT — fo(1710)K*) x B(fo(1710) — K+K~) |
BaBar [23]*> 1.1240.25+050  1.12+0.56

Belle [36]3 24.04+1.5+20 23.7 39

+ I ]
BBY = KTETKZ(NR))  popoy p3)ins 228 42.7 476 29,8428

T Preliminary result.

! The PDG uncertainty includes a scale factor.

2 Treatment of charmonium intermediate components differs between the results.

3 Result extracted from Dalitz-plot analysis of BT — KTKTK~ decays.

4 All charmonium resonances are vetoed, except for x.. The analysis also reports
B(BtT - KTKTK™) =(33.440.54+0.9) x 107% excluding x.o.

fo-

5 Measurement of % x B(§2, - pK~K~)/B(B" - K*KTK~) used in our fit.
fo-

6 Measurement of & x B(£2y, — pK 7 )/B(Bt - KtK*tK~) used in our fit.

" Measurement of f— X B(§2, — pr—n~)/B(BT — KTKTK~) used in our fit.

8 Measurement of B(BJr — KTK—7")/B(Bt — KTKTK™) used in our fit.

9 Measurement of B(B* — K*ntn~)/B(BT — KTK*K™) used in our fit.

10 Measurement of B(B* — ntrtn™)/B(BT — KTKTK™) used in our fit.

"' The nonresonant amplitude is modelled using a polynomial function including S-
wave and P-wave terms.
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Table 9: Branching fractions of charmless mesonic Bt decays with strange mesons (part

9).
Parameter [1079] Measurements Average HFLAV
B(B* — K*(892)"K*K~)  BaBar [43]  36.2£33+36 362+49
BaBar [66]2 112+ 1.0+ 0.9
L R Y I
CLEO 65| 10.6 *55 18
B(B*+ — ¢(1020)(K 7)) BaBar [68] 83+14+08  83+16
B(B* — Ki(1270)*$(1020)) BaBar [68] 6.1+£16+11  61+19
B(B* — K;(1400)*$(1020))  BaBar [68] < 3.2 <32
B(B* — K*(1410)*¢(1020))  BaBar [68] < 4.3 <43
B(B* — K:(1430)*¢(1020)) BaBar [68] 7.0£13+09  7.0+£16
B(B* — K3(1430)*¢(1020))  BaBar [68] 84+£18+10  84+21
B(B* — K,(1770)%$(1020))  BaBar [68] < 15.0 <15
B(B* — $(1020)K,(1820)")  BaBar [68] < 16.3 <16
B(B* — a,(1260)* K*(892)°) BaBar [69] < 3.6 < 3.6
B(B* — ¢(1020)$(1020)K+)! Ejffjf?’f,’i'g 22 igﬁg‘?’ j 2928%2 2
B(BT — n'nKT) BaBar [72] < 25.0 <25
B(B* — $(1020)w(782)K*)  Belle [73] <19 <19
| B(B* = X(1812)K*) x B(X (1812) — ¢(1020)w(782))
Belle [73] <0.32 <0.32
B(BT — h* X°(Familon))* CLEO [74] < 49 < 49

 Preliminary result.

! The PDG uncertainty includes a scale factor.
2 Combination of two final states of the K*(892)

£, Kyt and K*7Y. In addition to

the combined results, the paper reports separately the results for each individual

final state.

? Measured in the ¢¢ invariant mass range below the 7. resonance (mgs <

2.85 GeV/c?).
th=nK.
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Table 10: Branching fractions of charmless mesonic B decays without strange mesons (part 1).

Parameter [1079] Measurements Average HFLAV
Belle [5) 5.86 + 0.26 = 0.38
Belle IT [6]  5.14+0.3+0.3 5.33 +0.27
+ +.-0)\1 ]
B(BY = 'r7) BaBar [10]  5.02 4 0.46 + 0.29 5.48+0.41
CLEO |8] 4.6 8 108
_ LHCD [33]2  16.54 4 0.17 & 0.47 16.46 + 0.48
+ ++ ,
B(BT = m*m*n”) BaBar [7534% 15.2 4 0.6 113 15.20 143
LHCb 8.82 + 0.10 & 0.50
|76/ =% 8.76 & 0.48
B(B* — p°(770)7) BaBar [75/3° 8.140.7% i
T 2.3 ; 8.29 1128
Belle [77] 80725 4+0.7
CLEO |26 1047535 +2.1
B(B* — fo(980)7") x B(fo(980) — 7=+7~) BaBar [75° < 1.5 <15
| B(B* — f,(1270)7%) x B(f2(1270) — 7t7~)
II}E?,EW 1.43 4 0.05 £ 0.27 1.27+0.16
BaBar [75/3%  0.9+0.2793 none

| B(B* — f2(1270)7%) x B(f>(1270) — K+K~)

| B(B* — p(1450)°7*) x B(p(1450)° — wtn~)

LHCb [57]5*

0.377 £ 0.040 + 0.040

0.377 10958

none

|L71§'(*3726=5=7 0.83 + 0.05 & 0.89 114192
BaBar [75*° 1.4 +0.4703 140705
| B(B* — p(1450)°7%) x B(p(1450)° — K*K~)
LHCb [57%°  1.544 + 0.060 + 0.089 }_‘650453'“
| B(B* — p3(1690)°7) x B(p3(1690)° — 7+m~)
II}ISSEM 0.08 4 0.02 % 0.16 D08 =040

* Not included in PDG average.

! The PDG uncertainty includes a scale factor.

2 Using B(B™ - KTK+TK™).

3 Result extracted from Dalitz-plot analysis of BT — 7+7t 7~ decays.

4 Charm and charmonium contributions are subtracted.

° Multiple systematic uncertainties are added in quadrature.

6 This analysis uses three different approaches: isobar, K-matrix and quasi-model-independent, to de-
scribe the S-wave component. The results are taken from the isobar model with an additional error
accounting for the different S-wave methods as reported in Appendix D of Ref. |78].

" Using B(BT — ntnta™).

8 Result extracted from Dalitz-plot analysis of B* — K+*K -7+ decays.

9 Using B(B™ - KT K~77).
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Table 11: Branching fractions of charmless mesonic BT decays without strange mesons (part 2).

Parameter [1079] Measurements Average HFLAV
LHCbH 4.04 £ 0.64
+ +ot+ ) G
B(BT — ntntn™) S—wave 1727&4 4.04 £0.08 £0.64 none
B(B* — fo(1370)7%) x B(fo(1370) — 7*x~)  BaBar [T5]° < 4.0 <40
. . 5.3+14
B(Bt — ntr—nt(NR)) BaBar "’5 53+0.7553 53{;;’
Belle [79; 190+15+14 19.0£2.1
+ +..0.0
B(BT = mtm'n?) ARGUS < 890 <s90.0
+ + 0,0 0.0 7 6.9+1.1
B(B* — Xpomomt) x B(X (7°7°) — 7070) Belle |79 6.9+0.9+06
none
+ +.0.0 < 0.60
B(B* — mta'7°(NR)) Belle |79 <06 .
Belle |79 1124 1.1732 10.6 + 1.3
+ 4+ 0 d 1.8
B(BT = p*(T70)m") BaBa 102414409 10.9%04
B(Bt — ntatra0) ARGUS < 4000 < 4000
BaBar 237+14+14
B(B* — p*(770)p°(770)) Belle IT [83]"  23.2%57+£2.7 Z’fjjj
Belle [84] 317 +7.1738 R
B(B* — £5(980)p™ (770)) x B(fy(980) — 7tn~) BaBar <20 <20
B(B* — a1(1260)*7°) BaBar 26.4+54+4.1 26.4 + 6.8
B(B* — a,(1260)°7") BaBar 204+ 4.7+ 3.4 20.4+ 5.8
6.7+0.5+0.4
6.9+0.6+05 6.60 & 0.42
+ +
B(BT = w(782)77) 113733 +1.4 6.88+0.49
—761%,5,2,3,8
B(B* — w(782)p™ (770)) BaBar 1594+ 1.6+ 1.4 1594 2.1

t Preliminary result.

* Not included in PDG average.

I LHCD accounts for the S-wave component using a model that comprises the coherent sum of a ¢ pole
and a rescattering amplitude. See Ref. for details.

2 This analysis uses three different approaches: isobar, K-matrix and quasi-model-independent, to describe
the S-wave component. The results are taken from the isobar model with an additional error accounting
for the different S-wave methods as reported in Appendix D of Ref. ,

3 Multiple systematic uncertainties are added in quadrature.

1 Using B(BT — ntatnr™).

5 Result extracted from Dalitz-plot analysis of BY — 77 7+t7~ decays.

6 The nonresonant amplitude is modelled using a sum of exponential functions.

T X om0 corresponds to a structure observed in Ref. , likely arising due to multiple resonances.

8 Measurement of (B(BT — w(782)717)B(w(782) = nt7~))/B(BT — ntrt7™) used in our fit.
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Table 12: Branching fractions of charmless mesonic BT decays without strange mesons (part 3).

Parameter [1079] Measurements Average [ELAY
4.07£0.26 £ 0.21
B(B* — nrt) 4.00 £ 0.40 & 0.24 4'02j2?'27
1.2 +2.8 02 2956
—-1.2
9.9+1240.8
B(B* — npt(770))! 41773 +04 6'9jq1'0
4.8 152 70757
2 3.8
3.5+£0.6+0.2
B(B* = o/x*)! 0 T T B
1 0+548 2~70—0.84
Y —1.0
9.7 19 +1.1
B(B¥ = 1 p*(770)) 11.2+1L9 98+21
97757
<5.8
<0.24
B(B* — $(1020)7%) <033 0-031 & 0.014
0.032+0.015
B(B* — ¢(1020)p* (770)) <30 <3.0
B(B* — a¢(980)°7%) x B(ag(980)° — nx°) BaBar <58 <58
B(Bt — wtatatr ) ARGUS < 860 < 860
B(BT — a1(1260)*p°(770)) CLEO [91]*  <620.0 < 620
B(Bt — ay(1320)*p°(770)) CLEO [91]* < 720.0 < 720
B(B* — b,(1235)°7%) x B(b1(1235)° — w(782)7°) BaBar 6.7+ 1.7+ 1.0 6.7+ 2.0
B(BT — bir°) BaBar <33 <33
B(Bt — ntatataaa0) ARGUS < 6300 < 6300
| B(B* — by(1235)*p°(770)) x B(b1(1235)° — w(782)7+) |
BaBar <5.2 <5.2
B(B* — a1(1260)"a,(1260)°) ARGUS < 13000 < 13000
| B(B* — b1(1235)°p* (770)) x B(b1(1235)° — w(782)7°) |
BaBar [54) <33 <33

I The PDG uncertainty includes a scale factor.

2 Result extracted from Dalitz-plot analysis of BT — K+ K~ 7" decays.

3 Measurement of (B(Bt — ¢(1020)77)B(4(1020) — K*K~))/B(B* — K*K~7") used in our fit.

4 CLEO assumes B(T'(45) — BOPO) = 0.43. The result has been modified to account for a branching fraction
of 0.50.
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Table 13: Branching fractions of charmless mesonic B® decays with strange mesons
(part 1).

Parameter [107°] Measurements Average HIFLAV
Belle [5] 20.00 4+ 0.34 £ 0.60
Belle IT [6]  20.7+0.4+0.6
. BaBar [02]  19.1% 0.6+ 0.6 20.1+ 0.4
0 +
B(B" = K*n™) CLEO [§] 18.0 123 112 19.640.5

CDF (932, [94]>*, [95] "5
LHCb [96]*+, [97]">S

Belle [5] 9.68 4 0.46 & 0.50
BaBar [98]  10.1+0.6+0.4 10.12 4 0.43
0 0.0
B(B" — K7r) Belle IT [6]”  10.73 £0.63+0.62  9.93+0.49
CLEO [§] 12.8 139117
BaBar [11]  68.5+22+3.1
Belle [12] 58.9 730 +4.3
B(B° — nK°)8 Belle IT [13]7  59.9%38 +2.7 65‘10j52‘8
CLEO [15]  89.0+80 490 001 i
LHCD [99] 10
Belle [100] 2.6+0.7+0.2
0 ! T * 0
BIB" = W K*(892))  pupar [17] 31109 +0.3 28206
B(B® — /K (1430)°) BaBar [17]" 6.3+ 1.34+0.9 6.3+ 1.6
B(B® — n/(Km)§0) BaBar [17] 74715406 Zjnf 1.6
) . 13.7£3.2
B(B° — 1/ K3(1430)°) BaBar [17] 137730 £1.2 g

* Not included in PDG average.

 Preliminary result.

! Measurement of (B(B? — K—=*)/B(B° — K*W*))% used in our fit.

? Measurement of (B(A) — pr~)/B(B® — K*77))(f0/ fa) used in our fit.

3 Measurement of B(B® — nt7~)/B(B° — K*7~) used in our fit.

4 Measurement of (B(B? - K*K~)/B(B° — Kﬂr‘))jﬁ—; used in our fit.

> Measurement of B(B® — KTK~)/B(B° — K™n~) used in our fit.

¢ Measurement of (B(BY — ntn~)/B(B° — K+7T_>>% used in our fit.

" Combination of time-integrated and time-dependent analyses using the best
linear unbiased estimator Ref. [101].

8 The PDG uncertainty includes a scale factor.

9 Measurement of B(A) — A%))/B(B® — 1’ K°) used in our fit.

10 Measurement of B(AY — A%)/B(B° — 7' K°) used in our fit.

" Multiple systematic uncertainties are added in quadrature.
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Table 14: Branching fractions of charmless mesonic B® decays with strange mesons
(part 2).

Parameter [107°] Measurements Average HFLAV
B(B® = nK") Belle [19] 1.27 7055 £0.08  1.23+£0.25

BaBar [11] 1157033 4£0.09 125702

BaBar [20]  16.5+1.1+0.8
B(B° — nK*(892)) Belle [21] 152+1.24+1.0
CLEO [15]  13.8™324+16

16.09 £ 0.81

+1.01
15.87 25 00

B(B® — n(Kn)°) BaBar [20]  11.0+1.6+15 110+ 16
0 none
B(B® — nKz(1430)°) BaBar [20]'! 7.8+11+1.1 T8+l
11.0£2.2
B(B® — nK3;(1430)°) BaBar [20] 9.6+18+1.1 366523 11'5
Belle [24] 45404403
B(B® — w(782)K") BaBar [25] 54+£08+0.3 4.78 £0.43
CLEO [26]  10.0™54+1.4
| B(B® — ag(980)°K°) x B(a(980)° — na°)
BaBar [28] <78 <78
| B(B® — b1(1235)°K°) x B(b1(1235)° — w(782)7°)
BaBar [49] <78 <78
| B(B® — ag(980)~ K ) x B(ag(980)~ — nr~)
BaBar [102] < 1.9 < 1.9

| B(B® — b1(1235)" K*) x B(b1(1235)~ — w(782)7")
BaBar [53] 74+1.0+£1.0  74+14

| B(B® — b,(1235)°K*(892)°) x B(b1(1235)° — w(782)7°)

BaBar [54] < 8.0 < 8.0
| B(B® — b;(1235) K*(892)") x B(b,(1235)" — w(782)7")
BaBar [54] < 5.0 <5.0
| B(B® — ao(1450)~ K*) x B(ag(1450)~ — i)
BaBar [102] < 3.1 <31
B(B? — K2X"(Familon)) CLEO |74 < 53 < 53

I Multiple systematic uncertainties are added in quadrature.
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Table 15: Branching fractions of charmless mesonic B? decays with strange mesons

(part 3).
Parameter [107°] Measurements Average HFLAV
B(B® — w(782)K*(892)°) g:fem’”l’gg ?; i 82 i 8§ 2.04 % 0.49
B(B" — w(782)(K7):) BaBar [27]  184+18+17 184+25
B(BY — w(782)K;(1430)°)  BaBar [27]  16.0+16+3.0 16.0+3.4
B(B® — w(782)K;(1430)°)  BaBar [27]  101+£20+1.1  10.1+2.3
B(B® = w(782)K*7~(NR)) Belle [103]'  5.1+£0.7+£0.7  51+1.0
12
A Bl BT o1 e55e50 STO%2T
Belle [105]  36.6 742 £3.0 782
B(B® — p~ (TT0)K*) g:fea]il’(}gf ?561ji(§)§5+:§tgo S 7014092
B(B" — p(1450) K ) BaBar [1042 24410406 24412
B(BY — p(1700)" K ™) BaBar [104/> 0.6 £0.6 +0.4 0.6 +0.7
B(B° — K*7~7)(NR)) g:fealil’ggl I 18911 05204 55406
| B(B® — (Km)y*n) x B(Km)y" — K*+n°)
BaBar [104]2 342+24+41 342+48
| B(B® — (Km)m°) x B(Km)i® — K*7°)
BaBar [1042 86411413 86417
B(B° — K3(1430)°70) BaBar [106]2 < 4.0 < 4.0
B(B® — K*(1680)°7%) BaBar [106/> < 7.5 <75
B(B° — K:°79) Belle [105/>¢ 6.1 1802 Sllil .

—1.6

T Preliminary result.
10.755 < myn < 1.250 GeV /2.

2 Result extracted from Dalitz-plot analysis of B® — K*7~ 70 decays.
3 Multiple systematic uncertainties are added in quadrature.
4 The nonresonant amplitude is taken to be constant across the Dalitz plane.

P11 < mpr < 1.6 GeV/c?.

6 K stands for the possible candidates of K*(1410), K(1430) and K3(1430)
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Table 16: Branching fractions of charmless mesonic B decays with strange mesons (part 4).

Parameter [107°] Measurements Average LAV

BaBar [107]>* 50.15 4+ 1.47 £ 1.76
Belle [108*  47.54+2.4 4 3.7
B(B® — Krtg—)l2 CLEO [42] 50.0 75" £ 7.0 49.7+1.8
LHCb [109]"45678 [110[™°, [111]1011 [111]1012,
Illl 10,137 I111:‘10,14’ I111:10,15

LHCD
, 12.60 4 0.67 & 3.05
[112]317:4.18 14.0+1.7

B(BY - K%t7=(NR))® BaBar prO-10%
( (NR)) (T07 104 11.07 5535 £ 0.90 19.9%%
Belle [108*20 19.9 +2.5%17
BaBar [107)>* 4.36 707} £ 0.31 345 4 0.48
B(B" — S(7royoye  LHOD 1977035 £ 0.42 moon

’112'3,4718
Belle [108]* 6.1+ 1.0%}]

+1.08
3411771

BaBar [107)>* 8.29 7092 4 0.82

BaBar |104)*" 8.0+ 1.1£0.8 764+ 0.44
B(B® — K*(892)" 7 ") Belle [108]* 8.4+ 1.175) p=0.16%
CLEO J42]  16.07%9+2.0 7.50£0.44

LHCb [113]22%, [112]*42

* Not included in PDG average.

! The PDG average is a result of a fit including input from other measurements.
2 Treatment of charmonium intermediate components differs between the results.
3 Result extracted from Dalitz-plot analysis of B® — K277~ decays.

4 Multiple systematic uncertainties are added in quadrature.

® Measurement of B(A) — pfow_)/B(Bo — K% 77) used in our fit.

6 Measurement of B(A) — pK°K~)/B(B" — K7 "7~) used in our fit.

I=

" Measurement of J%EB(ES — pfoﬂ_)/B(BO — K7 77) used in our fit.
I=

8 Measurement of f;ng(Eg — pK K~)/B(B® — K°r*n~) used in our fit.

9 Measurement of B(B® — K*(892)°K +c.c.)/B(B° — K°+~) used in our fit.

10 Regions corresponding to D, A} and charmonium resonances are vetoed in this analysis.

1 Measurement of B(BY — K°K*tr~+c.c.)/B(BY — K°r*t7~) used in our fit.

12 Measurement of B(BY — K°KTK~)/B(B® — K°r"7~) used in our fit.

13 Measurement of B(BY — K°rt7~)/B(B° — K°r"7~) used in our fit.

14 Measurement of B(B? — K°K*r~+c.c.)/B(B° — K%"n~) used in our fit.

15 Measurement of B(B? — K'KTK~)/B(B° — K7 *7~) used in our fit.

16 The PDG uncertainty includes a scale factor.

17 The nonresonant component is modelled as a flat contribution over the Dalitz plane.

18 Using B(B® — K%r 7).

19 This value includes the flat NR component and the effective range of the LASS lineshape. The
value corresponding to the flat component alone is also given in the article.

20 The nonresonant component is modelled using a sum of two exponential functions.

21 Result extracted from Dalitz-plot analysis of B® — K7~ 7" decays.

22 Measurement of B(B? — K*(892) 7 ")/B(B" — K*(892)"7~) used in our fit.

23 Measurement of B(B® — K*(892)" K +c.c.)/B(B" — K*(892)*7~) used in our fit.

2 Measurement of (B(B® — K*(892)*7~)2/3)/B(B° — K" 7~) used in our fit.
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Table 17: Branching fractions of charmless mesonic B® decays with strange mesons (part

5).
Parameter [1079] Measurements Average IFLAV
BaBar [107>% 29.9 732+ 3.6 33.6 735
0 * +.-—\1 ] —-1.7 4.0
B(B” = KG(M30)"77)" pie [i08]7 497 4 3.8+68 99574
B(B® — K:*n™) Belle [105/*° 5.1 +£1.5%0% 511 ;1'6
| B(B® — K*(1410)*7~) x B(K*(1410)* — K°x*)
Belle [108]2 < 3.8 <38
| B(B® — (Km)5tn™) x B(Km)y" — K°r)
LHCD [112/*36 16.95 4+ 0.73 4 1.12 186+ 1.1
BaBar +1.7 p=0.16%
(1072 2271 +13 i1
| B(B® — fo(980)K°) x B(fo(980) — w7~ )t
LHCb [112/%3° 9.64 4 0.41 4+ 0.79 838 & 0.61
BaBar [107]2% 6.92 & 0.77 £ 0.56 p-0.16%
. 8.15 —+0.78

Belle [108]2 7.6 £1.77%%9

B(B° — f4(500)K°) LHCb [112[236 0.166 75277 & 0.155

| B(B® = fo(1500)K°) x B(fo(1500) — 77"

LHCb [112]%%6 1.348 4 0.280 + 0.734

BaBar [107]>% 2.71 139 +0.87

0 0
BB = R(IZI0)KT) g 0827 < 25

| B(B® — £,(1300)°K°) x B(f,(1300)° — w*7~)
BaBar [107]>% 1.81 7032 +0.48

—0.79

+0.26
0.17 1026
p=0.16%

+0.25
0.16 Ty'%s

1.35£0.79

p=0.16%

1.29£0.75

27£13

+1.3
2.770%

T
1.8110 &

* Not included in PDG average.
! The PDG uncertainty includes a scale factor.

? Result extracted from Dalitz-plot analysis of B® — Kgr ™7~ decays.

3 Multiple systematic uncertainties are added in quadrature.
111 < mgr < 1.6 GeV/c2.

> K stands for the possible candidates of K*(1410), K;(1430) and K;(1430)

6 Using B(B® — Krtm™).
" Using B(f2(1270) — 7nt7™).
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Table 18: Branching fractions of charmless mesonic B° decays with strange mesons
(part 6).

HFLAV

Parameter [107°] e

Measurements Average

BaBar [104]" 33+£05+0.4

0 * 0.0

B(B® — K*(892)°7°) Belle [i05] < 8.5 3.340.6
Belle [108]> < 6.3 3.82 +0.36

B(B® — K3(1430)*7) BaBar [106]' < 16.2 p=0.16%
LHCb [112]>34 5.65 13
Belle [108]2 < 10.1 14.7+1.4

B(B® — K*(1680)"7™) BaBar [106]! < 25.0 p=0.16%
LHCb ’11212,3,5 14.1+1.0

B(B® — Ktn—ntn™) DELPHI [114] < 230 < 230

B(B® — p°(770)K*+7) Belle [115° 2.8+05+05  2.8+0.7

| B(B® — f(980)K* 1) x B(fo(980) — )
Belle [115[°  1.4+0.4793 14102

B(B° — K*r~ntn~(NR)) Belle [115[%7 < 2.1 <21

B(B® — K*(892)°7t7~)  BaBar [116] 54.5+29+43 545+52

BaBar [117]  5.140.6 158 3.8840.77
0 * 0,0 8 0.8
B(B" = K*(892)°p°(T70))° pjje [115] 2.1+98+09 5.88 137
| B(B® — £5(980)K;5(892)°) x B(fo(980) — m)®
Belle [115] ~ 1.4%08+0 3-90 £0.55

BaBar [117]  5.7+0.6 4+ 0.4

+2.12
3.90 77 g5

! Result extracted from Dalitz-plot analysis of BY — K*7~ 7% decays.

2 Result extracted from Dalitz-plot analysis of BY — K2n "7~ decays.

3 Multiple systematic uncertainties are added in quadrature.

1 Measurement of (B(B° — K;(1430)T7")B(K;(1430)" — Km)2/3)/B(B° —
K7t 7~) used in our fit.

® Measurement of (B(B° — K*(1680)"7)B(K*(1680)" — Km)2/3)/B(B° —
K% T7~) used in our fit.

60.75 < mgr < 1.20 GeV/c2

70.55 < Mgr < 1.20 GeV/c%

8 The PDG uncertainty includes a scale factor.
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Table 19: Branching fractions of charmless mesonic B® decays with strange mesons (part 7).

Parameter [1079] Measurements Average HFLAV
B(B® — K;(1270)" 1) BaBar [i1] <30 < 30
B(B® — K;(1400)*7~) BaBar [i1] <27 <27
B(B® — a;,(1260)~K*) BaBar [45|  163+29+23 16.3 +3.7
B(B® — K*(892)*p~(770)) BaBar [117] 103423413 10.34+2.6
0 =+ x ' <48
B(BY — (Km)§Tp=(770)) x B(Km)5 — Kn) BaBar |117] <48 one
B(B® — K:(1430)*p~(770)) BaBar [117]! 281046 28 + 12
B(B° — K1(1400)°p°(770)) ARGUS [48] < 3000 < 3000
B(BY — (Kr)20°(770)) x B(K7); — Kx) BaBar [117] 31+4+3 1050
B(B® — K:(1430)°0°(770)) BaBar [117]' 274444 Z'{?jf"l
| B(B® — (K)£5(980)) x B(fo(980) — ) x B((K)5 — K7)
BaBar [117] 3.1+£0.8+0.7 S1x11
3 none
| B(B® — K;(1430)° £5(980)) x B(fo(980) — )
BaBar 117!  2.7+0.7+0.6 2.7+0.9
| B(B® — K3(1430)° £0(980)) x B(fo(980) — 77)
BaBar [117] 8.6+ 1.7+1.0 8.6+2.0
LHCb [97]2  0.0799 = 0.0130 = 0.0086
Belle [5| 0.10 & 0.08 & 0.04 0.082 + 0.015
0 + - |
B(B® = KTK™) CDF [052  0.2440.10 £ 0.10 0.07520.015
BaBar [92 <0.5
p— Belle [5| 1.26 4 0.19 + 0.05
B(B® = K°K7) BaBar |7/ 1.08 £ 0.28 + 0.11 121 £0.16

LHCD [111]34 6.11 4 0.45 + 0.78
B(B® — K'K*r +c.c.) Belle [I18]  7.20 4 0.66 & 0.30 6.74+05
BaBar [119] 6.441.0+0.6

B(B® — K*(892)" K*+c.c.) LHCbD [113]° < 0.38 <04
0 N 00 6 LHCD |110/* < 1.0 < 0.99
B(B” — K*(892)°K +c.c.) BaBar |120 <19 <0.96

! Multiple systematic uncertainties are added in quadrature.

2 Using B(B® — K*77).

3 Regions corresponding to D, A and charmonium resonances are vetoed in this analysis.
4 Using B(B® — K% n™).

5 Using B(B® — K*(892)*7 7).

60.75 < my, < 1.20 GeV /c?.
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Table 20: Branching fractions of charmless mesonic BY decays with strange mesons
(part 8).

Parameter [1079] Measurements Average LAY
B(B° — K+ K~7°) Belle [121]  217+£0.60+£0.24  2.17+0.65
B(B® — KYK37%) BaBar [122] < 0.9 < 0.9
B(B® — K2K%n) BaBar [122] < 1.0 < 1.0
B(B® — KYK%n) BaBar [122] < 2.0 <2.0
LHCb [L11]'? 27.20+0.89+£1.90 .o
B(B° — K°K+K~) BaBar [23** 26.5+0.9+0.8 o
Belle [39)] 28.3+3.34+4.0 2080
BaBar [23]° 7.1+0.6 54
Belle IT [63|f 5.9+ 1.8 +£0.7 7.24 4 0.60
0 0 J
B(B” = ¢(1020)K7) Belle [67]  9.0722+0.7 7.32+009
LHCD [123|"°, [124/67
| B(B® — fo(980)K°) x B(f(980) — K*K~)
BaBar [23° 7.0728+24 70138
B(B° — fy(1500)K°) BaBar [232 1337384 3.2 13.3 766
B(B° — f}(1525)K?) BaBar [23°  0.29%9%1 4 0.36 0.29 7040
| B(B® — fo(17T10)K°) x B(fo(1710) — K*K~)
BaBar [23]> 4.4+0.7+0.5 44409
B(B* — K°K*K~(NR)) BaBar [23]* 33+£5+9 33+ 10

 Preliminary result.

* Not included in PDG average.

! Regions corresponding to D, AF and charmonium resonances are vetoed in this
analysis.

2 Using B(B® — Kt7).

3 Result extracted from Dalitz-plot analysis of B® — K2K+ K~ decays.

4 All charmonium resonances are vetoed, except for x.. The analysis also reports
B(B" = K°KTK~) = (2544 0.9+ 0.8) x 107% excluding x.o.

° Measurement of (B(A) — A%°¢(1020))/B(B® — ¢(1020)K°))(f9/fa)2 used in our
fit.

6 Multiple systematic uncertainties are added in quadrature.

" Measurement of B(B? — KOFO)/B(BO — ¢(1020) K°) used in our fit.

8 The nonresonant amplitude is modelled using a polynomial function including S-
wave and P-wave terms.
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Table 21: Branching fractions of charmless mesonic B° decays with strange mesons
(part 9).

Parameter [1079] Measurements Average HFLAV

BaBar [125]>% 6.19+0.484+0.19  6.04 & 0.50

0 0770 701 ]

B(B" = Kl Ks) Belle |39 42718408 6.04 %05
B(B® — £3(980)K2) x B(fo(980) — K3K?)

BaBar [125/%% 2.715 £1.3 2.7+ 1.8
B(B® — fo(1710)K2) x B(fo(1710) — K3K?Y)

BaBar [125]>® 0.50 7946 + 0.11 0.50 000
B(B® — £5(2010)K2) x B(f2(2010) — K9K?Y)

BaBar [125/%% 0.54 703, £ 0.52 0.54 & 0.56
B(B® — KYK2K2(NR)) BaBar [125/*® 13.375340.6 jii;%
B(B' - KYK2K?) BaBar [126]° < 16 < 16

1 The PDG uncertainty includes a scale factor.

? Result extracted from Dalitz-plot analysis of B® — K3K2KY decays.
3 Multiple systematic uncertainties are added in quadrature.

4 The nonresonant amplitude is modelled using an exponential function.
2 0.75 < mp, < 1.20 GeV /¢
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Table 22: Branching fractions of charmless mesonic B decays with strange mesons (part 10).

Parameter [107°] Measurements Average HFLAV
B(B® — K*(892)°K+K") BaBar [116] 27.54+1.3+2.2 275426
BaBar [127]  9.7+£0.5+05
Belle [128] 1044 0.5+ 0.6
B(B® — $(1020)K*(892)°)  Belle IT[63]f 11.0+2.1+ 1.1 1908 048
CLEO f65] ~ 115%43+1% | S
LHCb [129]"+2 [130[%3, [131]544) [132)°
B(B® — Kt ntK~(NR))  Belle [133]° < 71.7 <72
_ BaBar [116] 4.6+1.14+038
0 * 0.+ |
B LHCbD [134]8 0.832 + 0.063 + 0.156 0.83 4 .15
B(B® — K*(892)°K (892)°)7 Belle [133]  0.26 7033 068 N
BaBar [135]  1.28 7030 +0.11 o702
B(B® —» K*7~K*n(NR))  Belle [133]°® < 6.0 <6.0
_ BaBar [116] < 2.2
0 * 07+ ]
B(BY — K*(892)°K*n™) Belle [133]° < 7.6 <22
Belle [133] < 0.20
0 * 0 g * 0 ]
B(B° — K*(892)°K*(892)")  p 35 <041 <0.2
B(B® — K*(892)TK*(892)") BaBar [136] < 2.0 <20
B(B® — K,(1400)°¢(1020))  ARGUS [48] < 5000 < 5000
Belle [128]  4.3+0440.4
0 *0 ]
B(B" = (Km)g'¢(1020)) BaBar [127]  4.3+0.6+0.4 4302045
| B(B® — (K7)p0),1.60 < mgx < 2.15 GeV/c%,
BaBar 137, < 1.7 < 1.7

 Preliminary result.

" Not included in PDG average.

I Multiple systematic uncertainties are added in quadrature.

2 Measurement of B(B? — ¢(1020)K (892)°)/B(B® — ¢(1020)K*(892)°) used in our fit.
3 Measurement of B(B? — K*(892)°K (892)%)/B(B° — ¢(1020)K*(892)°) used in our fit.
4 Measurement of B(B? — ¢(1020)¢(1020))/B(B® — ¢(1020) K*(892)°) used in our fit.

® Measurement of B(B°® — p°(770)p°(770))/B(B° — ¢(1020) K*(892)°) used in our fit.
60.70 < mg, < 1.70 GeV /2.

" The PDG uncertainty includes a scale factor.

8 Using B(BY — K*(892)°K (892)°).
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Table 23: Branching fractions of charmless mesonic B? decays with strange mesons
(part 11).

Parameter [1079] Measurements Average HFLAV
B(B® — K(1430)°7t K ) Belle [133]' < 31.8 < 32

B(B° — K (1430)°K (892)°)  Belle [133] <33 <33
B(B° — K;(1430)°K4(1430)°) Belle [133] <84 <84
B(B® — ¢(1020)K;(1430)°)  BaBar [127] 39405406  3.9040.78
B(B° — K;(1430)°K*(892)°)  Belle [133] < 1.7 < 1.7
B(B® — K;(1430)°K;(1430)°) Belle [133| < 4.7 < 4.7
B(B® — ¢(1020)K*(1680)°) BaBar [137] < 3.5 <35
B(B® — ¢(1020)K3;(1780)°) BaBar [137] < 2.7 < 2.7
B(B — ¢(1020)K;(2045)°)  BaBar [137] < 15.3 <15

B(B® — p°(770) K3 (1430)°) ARGUS [48] < 1100 < 1100

Belle [128] 55159 +£1.0 6.840.8

0 * 0)2
B(B” — ¢(1020)K5(1430)°)° 5 n © [127)  75+09+£05  6s%L)

B(B" — 6(1020)$(1020)K")  BaBar [0}  45+08+03 )Y
B(B° — n'nK°) BaBar [72] < 31.0 <31

L0.70 < my, < 1.70 GeV/c?.

2 The PDG uncertainty includes a scale factor.

3 Measured in the ¢¢ invariant mass range below the 7. resonance (mgs <
2.85 GeV/c?).
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Table 24: Branching fractions of charmless mesonic B® decays without strange

mesons (part 1).

Parameter [107°] Measurements Average HFLAV
LHCb [96]7  5.26 £0.18 +0.36
Belle I [)]  5.8+£0.240.2
_ Belle [5] 5044+021+£018  5.36+0.16
0 +
BIBE=m77) DR [4]! 52040344034 5152010
BaBar [92] 5.5+04+0.3
CLEO [§] 45504
Belle [138]  1.31+0.19 + 0.19
B(B® — n070)2 BaBar [08]  1.83£0.21 4 0.13 1'55;22'16
Belle IT [139] 1.38+£027+022 77"
Belle [140]  0.41 317 +005
B(B® — ) BaBar 7] < L5 AL T
CLEO [15] <29 Ao
B(B® — nn) BaBar [11] < 1.0 <1.0
BaBar [87]  0.9+0.440.1 12404
0 /-0\2
B(B" = ') Belle [12] 2.79 11024023 1.240.6
BaBar [11] <17
0 /!
B(B" = ') Belle [18] <6.5 < L7
BaBar [87] <1.2
0 /
BB = ') Belle [1§] <45 <12
Belle [18] <1.3
0 /0
BB = 0o (T10)) gapar i7] < 2.8 <13
| B(B® — £5(980)7) x B(fo(980) — m*7~)
BaBar [17] <0.9 <0.9
BaBar [102] < 1.5
0 0
BB = no(T10)  gee 1T < 1.9 <15
| B(B® — £5(980)1) x B(fo(980) — wt7™)
BaBar [102] < 0.4 <04
B(B® — w(782)y) BaBar [11]  0.9479% +0.09 0.94 03¢

! Using B(B® — K*n™).
2 The PDG uncertainty includes a scale factor.
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Table 25: Branching fractions of charmless mesonic B° decays without strange mesons
(part 2).

Parameter [1079] Measurements Average HFLAV
BaBar [11] 1.01 7535 4+ 0.09
0 / 0.38 +0.47
B(B — w(782)1) Belle [i8] <929 1.01 7554
B(B° — w(782)p°(770))  BaBar [27] <16 <16
| B(B® — f5(980)w(782)) x B(fo(980) — 7+ 7~)
BaBar |27] <15 <15
B(B° — w(782)w(782))  BaBar [141] 1.2+0.3103 1.240.4
Belle [89] <0.15
0 0
B(B® — $(1020)7°) BuBar Bl < 028 <0.15
B(B® — $(1020)n) BaBar |11] < 0.5 < 0.5
Belle [I8] < 0.5

B(B® = ¢(1020)7) <05

BaBar [11] <11

B(B® = ¢(1020)7*7~)  LHCb [142]"? 0.182+0.025 +0.043  0.182 = 0.050

B(B® — ¢(1020)p°(770)) BaBar [00] < 0.33 <0.33
| B(B® — f4(980)¢(1020)) x B(fy(980) — 7+ 7~)
BaBar [90] < 0.38 < 0.38
B(B® — w(782)$(1020)) BaBar [141] < 0.7 <0.7

LHCb [143] < 0.027

0
B(B" — 6(1020)0(1020)) L optiend 0 < 0.027
‘ B(B° — ao(980) T~ +c.c.) x B(ag(980)" — nrt)
BaBar [102] < 3.1 < 3.1

‘ B(B° — ao(1450) "~ +c.c.) x B(ag(1450)" — nat)
BaBar [102] < 2.3 <23

1400 < mg+,- < 1600 MeV /c?.
2 Multiple systematic uncertainties are added in quadrature.
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Table 26: Branching fractions of charmless mesonic B° decays without strange mesons
(part 3).

HFLAV

Parameter [107°] Measurements Average ;.

B(B® = ntr ) ARGUS [80] < 720 < 720

Belle [144)'  3.0+0.540.7
B(B® — p°(770)7°) BaBar [145] 1.440.6+0.3 2.04+0.5
CLEO [26] 16129408

Belle [144]"  22.6+1.1+4.4
B(B® — p*(770)7~+c.c.) BaBar [146] 22.6 £1.8+22 23.0£2.3
CLEO [26] 2767831442

Belle [147]> < 11.2

0 o=
B(B® = mtnomtn™) BaBar [I48° < 23.1

<11
BaBar [148]> < 8.8

0 0 +.-—
BB = (M0 77)  pejje [l < 120

< 8.8
LHCD [132]*  0.95+0.17 £ 0.10

B(B® — p°(770)p°(770))  Belle [147]  1.0240.30+£0.15  0.96 & 0.15
BaBar [148]  0.92 +0.32 +0.14

| B(B® = fo(980)7+7) x B(fo(980) — ™) |
Belle [147]> < 3.0 <3.0

| B(B® = £,(980)0°(770)) x B(fo(980) — m*7~) |
Belle [147] 0.78+0.224+0.11

| B(B® — £5(980) £2(980)) x B(f(980) — wta~) x B(fo(980) — 7t 7~) |
BaBar [148] < 0.19

Belle [147] < 0.2 <0.19

| B(B® — £5(980) £5(980)) x B(fo(980) — m7~) x B(fo(980) — K*K~) |
BaBar [90] <0.23 < 0.23

! Result extracted from Dalitz-plot analysis of B® — 777~ 7% decays.
20.52 < Mgptn- < 1.15 GeV/c2

30.55 < Mg+ < 1.050 GeV/c2.

1 Using B(B°® — ¢(1020) K*(892)?).
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Table 27: Branching fractions of charmless mesonic B decays without strange mesons
(part 4).

HFLAV

Parameter [107°] Measurements Average .

Belle [149] 222+£20+28 25.9+£28
BaBar |[150] 33.2+£3.8+3.0  25.9+5.2

B(B" — a1(1260) 7~ +c.c.)?!

B(B" — a5(1320)* 1~ +c.c.) Belle [149] <6.3 <6.3

B(B® — 7t~ m7) ARGUS [80] < 3100 < 3100
Belle [151] ~ 283+15+15 . .

B(B® — p*(770)p (770)) BaBar [152]  25.5+2.17+36 e
Belle IT [153]1 26.7+28+28 7™’

B(B" — a1(1260)°7°) ARGUS [80] < 1100 < 1100
BaBar [87] < 0.5

0 0

B(B° — w(782)7") Belle 3] <920 < 0.5

B(BY — rmtntr—n70) ARGUS [80] < 9000 < 9000

B(B® — a1(1260)p~(770)+c.c.) BaBar [154] < 61.0 <61

B(B" — a1(1260)°p°(770)) ARGUS [80] < 2400 < 2400

| B(B® — by(1235) "7~ +c.c.) x B(bi(1235)* — w(782)7™) |

BaBar [53] 109 £1.2=£0.9 10.9£1.5

| B(B® — b1(1235)°7°) x B(b1(1235)° — w(782)°) |

BaBar [49] <19 <19
| B(B® — b1(1235)~p* (770)) x B(b1(1235)" — w(782)7") |
BaBar [54] <14 <14
| B(B® — b;(1235)°0°(770)) x B(b1(1235)° — w(782)7°) |
BaBar [54] <34 <34
B(B" — rtatrta ) ARGUS [80] < 3000 < 3000

| B(B® — a1(1260)*a1(1260) ") x B(ay(1260)* — wt7t7~) x B(ai(1260)" — 7~ 7 7t) |
BaBar [155] 11.84£26+16 11.8+3.1

B(B" — ntrtrtnnm n 70) ARGUS [80] < 11000 < 11000

I Preliminary result.
I The PDG uncertainty includes a scale factor.
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Table 28: Relative branching fractions of mesonic B™ decays.

Parameter Measurements Average
BBY > KK ")

LHCb 151 £0.004 £ 0. 151 0.
B S i) MCPBY 0151000420008 0.151 40009
B(Bt — Ktntn™)

LHCb 1. + 0.011 £ 0.022 1. + 0.02
B o ) e B 703 + 0.011 + 0.0 703 + 0.025
B(B+ ot

(BY =77 ) phen [33]  0.488 4+ 0.005£0.009  0.488 £ 0.010

B(BY = KTK+K~)
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Table 29: Relative branching fractions of mesonic B° decays.

Parameter Measurements Average
B(B* = KtK~™) ., LHCb [97] 3.98 + 0.65 £ 0.42
B(BY — K+7~) [107] CDF [95] 12£5+£5 4072077
B(BY — K*(892)" K~ +c.c.)
1072 LHCb [113 <5 < 5.0
B(BY — K*(892)*t7~) | ] [113]
B(B® — K2K*(892)%+c.c.)
1072 LHCbD [110 <2 <20
B(BY — Krtm—) 1077 110
0 +—
B(BY — ntn™) LHCb [96] 0.262 £ 0.009 £ 0.017 0.961 -+ 0.015
B(BY — K+n~) CDF [94] 0.259 £ 0.017 £ 0.016

B(B® - K°K*tn +c.c.)
B(B® — Kot+tn—)

LHCb [111]*  0.123 £0.009 £ 0.015 0.123 £ 0.017

B(B® = K°K+K-)
B(B® — Kot+7m—)

LHCD [111]*  0.549 4 0.018 £ 0.033 0.549 £+ 0.038

B(B° — K*(892)°K (892)°)

— [10-2] LHCb [134)> 7.58+0.57 & 0.30 7.58 + 0.64
B(BY — K*(892)°K (892))
L 2 1072 LHCb [96]  1.8%981+0.9 1.8+ 1.2
B(B® — ,(770)p°(770))
102|  LHCb [132] 94+17+09 04+1.9
BB S o(1020) k- (392)0) 0] 1132
B(B® - K°K"
(B = _0) [10-2] LHCb [124]> 7.5+3.1+0.6 7.5+3.2
B(B? — K°K")
B(B® - K'K"
(B” — ) LHCb [124]  0.17 4 0.08 £ 0.02 0.17 =+ 0.08

B(B® — ¢(1020)K9)

! Regions corresponding to D, AT and charmonium resonances are vetoed in this analysis.
2 Multiple systematic uncertainties are added in quadrature.
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Figure 1: A selection of high-precision measurements of Branching Fractions of B-meson decays
into charmless mesonic final states.
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2 Baryonic decays of BT and B’ mesons

This section provides branching fractions of charmless baryonic decays of BT and B° mesons
in Tables and [33H34] respectively. Relative branching fractions are given in Table
Figures [2] and [3] show graphic representations of a selection of results given in this section.

Table 30: Branching fractions of charmless baryonic Bt decays (part 1).

Parameter [107°) Measurements Average HFLAV
B(B* — pur®) Belle [I56] < 6.1 < 0.1
. none
Belle [157|  1.60 1075 £ 0.12 1.62 +0.21
+ ot J —0.19

B(BT = ppr”) BaBar [158]2 1.60+0.20+0.26  1.62+02
B(B* — pprt), myy < 2.85 GeV/  LHCD [159]° i‘oofei 0-10
B(B* — ppr+(NR)) CLEO [40] <53 <53
B(B* — pprta®) Belle [160]* ~ 4.58 +1.174+0.67 4.6+1.3
B(B* — pprtata) ARCUS [i61] < 520 <020

! The charmonium mass regions are vetoed.

2 Charmonium decays to pp have been statistically subtracted.

3 Measurement of B(BT — pprt), myp < 2.85 GeV/c?/(B(BT — J/4vnT)B(J/v — pp)) used
in our fit.

4 Myt < 1.3 GeV/cQ.
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Table 31: Branching fractions of charmless baryonic BT decays (part 2).

Parameter [107°] Measurements Average HIFLAV
_ Belle [157]> 554703 +0.36 59404
+ \1 0.25
B(B" — ppK™) BaBar [I62° 6.7+£05+04 5905
B(BT — ppK™), m,; < 2.85 GeV/c*> LHCb [163]* if’;i 0.29
| B(BY — ©*+(1710)p) x B(©**(1710) — pK*)’
Belle [59) < 0.091 < 0.091
| B(B* — £,(2220)K*) x B(f,(2220) — pp)
Belle [59] <041 < 0.41
— BaBar [162] < 1.5 0.305 T5-081
* 0.081
B(B" = pA(1520)) LHCD [159]° 0.31540.055
B(B* — ppK*(NR)) CLEO [40] <89 <89
_ Belle [164]7  3.38 7013 +0.39
+ * + 0.60 +0.8
B(B" — ppK*(892)7) BaBar [58° 53+15+13  ~0-07
| B(B* — f,(2220)K*(892)%) x B(f;(2220) — pp)
BaBar [158] < 0.77 <0.77
L =0 LHCD [165]  0.24 7328 +0.03 4010
B(B" = pA) Belle [166] < 0.32 024 Zo'og
B(B* — pA'7%) Belle [167]  3.00%961 +0.33  3.00 109
B(B* — pX(1385)) Belle [167] < 0.47 < 0.47
B(B* — A(1232)*71") Belle [167] < 0.82 <0.82

! The PDG uncertainty includes a scale factor.

2 The charmonium mass regions are vetoed.

3 Charmonium decays to pp have been statistically subtracted.

* Measurement of B(Bt — ppK ™), my; < 2.85 GeV/c*/(B(BT — J/YKT)B(J/v — pp))
used in our fit.

® Pentaquark candidate.

6 Measurement of (B(Bt — pA(1520))B(A(1520) — K*p))/(B(Bt — J/vKH)B(J/¢Y —
pp)) used in our fit.

" The charmonium mass region has been vetoed.
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Table 32: Branching fractions of charmless baryonic BY decays (part 3).

Parameter [107°] Measurements Average HFLAV
B(B* = pAntr) Belle [168] 11.28 7090 £ 1.03 f'jﬁl'?’
v —1.8
B(B* — pA'ntr~(NR)) Belle [168]  5.927985 £ 0.69 59411
‘ B(BT — pz0p0(770)) x B(p°(770) — 7t7w)
Belle [168] 4.78 1087 +0.60 4.840.9
| B(B* — pA’ £,(1270)) x B(f>(1270) — 7+ 7°)
Belle [168] 2.03 7578 +£0.27 2.0+0.8
B(B* — pA K+K~) Belle [169]  4.107945 +0.50 41407
B(B* — pA’$(1020)) Belle [169) 0.795 4+ 0.209 £ 0.077  0.80 +0.22
B(B* — pA°KTK™) Belle [169] 3.70 7539 4 0.44 3.7+0.6
B(B* — A%A°7") Belle [170]12 < 0.94 <0.94
0 34406
B(B* — A°A"K) Belle [170]'  3.38 T0:4L +0.41 og 100
B(B* — AA K*(892)*) Belle [170]%2  2.197113 +£0.33 2.2+12
B(B* — A(1520)A’K*)  Belle [169] 2.23 +0.63 4+ 0.25 2.24+0.7
B(B* — A(1520)A°K*)  Belle [169) < 2.08 <21
B(B* — A(1232)%) Belle [157] < 1.38 <14
B(BT — A**p) Belle [157] <0.14 <0.14

! The charmonium mass regions are vetoed.
Zm o0 < 2.85 GeV/ 2.
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Table 33: Branching fractions of charmless baryonic B decays (part 1).

Parameter [1079]

HFLAV

Average .,

B(B® — pp)

B(B° — pprtn™)

B(B® = pprtaT), mai, < 1.22 GeV/c?

B(B® — ppK*r™)

B(B° — ppK")

| B(B® — ©(1540)*p) x B(O(1540)* — pK)T

| B(B® = £;(2220)K°) x B(f,(2220) — pp)

B(B° — ppK*(892)°)

Measurements

LHCb [171|? 0.0127 4 0.0013 + 0.0006
Belle [166 < 0.11

BaBar |172] < 0.27

LHCb [173[32 2.74+0.1£0.2
Belle [160]*  0.83+0.17£0.17
LHCb [173>2 594+0.3+0.5
Belle [164]°  2.51 1035 +0.21
BaBar [158/° 3.0+0.5+0.3
BaBar [158] < 0.05

Belle [59] < 0.23

BaBar [158] < 0.45

Belle [164]° 118792 +0.11
BaBar [158/°  1.47 £ 0.45 £ 0.40

\ B(B° — f,(2220)K*(892)%) x B(f;(2220) — pp)

BaBar [158]

< 0.15

0.0127 £ 0.0014
0.0125+0.0032

2.7+0.2
2.9+0.2

0.8+0.2

none

5.90 £ 0.58
6.27+0.52

2.7+0.3

< 0.05

< 0.45
1.24 +0.27

0.28
1.24 t(}.?&

< 0.15

I Run I and run II combination.

2 Multiple systematic uncertainties are added in quadrature.

3 myp < 2.85 GeV/c2

10.46 < m+,— < 0.53 GeV/c? invariant mass region has been excluded.
5 The charmonium mass region has been vetoed.
6 Charmonium decays to pp have been statistically subtracted.

" Pentaquark candidate.
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Table 34: Branching fractions of charmless baryonic B® decays (part 2).

Parameter [107°] Measurements Average HFLAV
B(B® — ppK+K-) LHCb [I73]12 0.113+0.028 + 0014 0113 =003
0.121+£0.032

B(B® — ppr®) Belle [174]  0.50 £ 0.18 + 0.06 0.50 + 0.19
B(B" — pppp) BaBar [175] < 0.2 < 0.2

0 . =0 __ Belle [176] 3.21 7038+ 0.16 3.16 £ 0.24
BB = pA) BaBar [177]  3.07+ 0.31 + 0.23 5.14 1028
B(B® — p=(1385)") Belle [167] < 0.26 <0.26
B(B® — A(1232)*p+c.c.)  Belle [I7d] <16 <16
B(B® — A(1232)°1") Belle [167] < 0.93 <0.93
B(B® — pA'K~) Belle [178] < 0.82 <0.82
B(B® = pS'n) Belle [176]  1.17+2%8 4 0.07 1‘3 1_;* 042
B(B® — A° /%) Belle [166] < 0.32 <0.32
B(B® — A" A°K°) Belle [I70°  4.76 1984 £ 0.61 489
B(B® — AA"K*(892)°) Belle [I70°  2.46 1957 +0.34 2.46+0%3
B(B® — A(1232)°A(1232)°) CLEO [91]* < 1500 < 1500
B(B® — AT*A ) CLEO [91]* <110 < 110

+0.0040

B(B® = pppp) LHCh [179)° 0-0222 Zg.0039

none

Ymyp < 2.85 GeV/c2

2 Multiple systematic uncertainties are added in quadrature.
3 The charmonium mass regions are vetoed.

* CLEO assumes B(T'(45) — BOEO) = 0.43. The result has been modified to account for
a branching fraction of 0.50.

® Measurement of B(B° — pppp)/(B(B" — J/¥K*(892)°)B(J/v — pp)B(K*(892)° —
Km)2/3) used in our fit.
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Table 35: Baryonic relative branching fractions.

Parameter Measurements Average
B(BY —ppr T ,mpp<2.85 GeV/c?)
B(B+fj/w+)xgu/¢_)p@ LHCD [159] 120+1.2+£0.3 120+ 1.2
B(B+—ppK ™)
B(B+_>J/¢K:>§”;B(J/w_>p@ LHCb [163]' 4.91+0.194+0.14 4.91+£0.24
B(BT —ppK+,m;;<2.85 GeV/c?)
B(B+p—>pJ/w7r+)xB(J/w—>pﬁ) LHCb [163]| 2.02£0.10 £ 0.08 2.024+0.13
B(B+—A(1520)p) x B(A(1520)— K *p))
B(_>B+—>J/157ri)xB(J/w—>_>pﬁ) L LHCD [159] 0.033 £ 0.005 £ 0.007 0.033 £ 0.009
B(B — ppK+tK™)
LHCD [173]>  0.019 4 0.005 == 0.002 0.019 £ 0.005
B(BY — ppK+7n~) 1173]
B(B® — pprtr)
LHCD [173]>  0.46 4 0.02 % 0.02 0.46 + 0.03
B(BY — ppK+7n~) 1173]
B(B° —pppp)
B(BO=J /4 K*0)B(J]y—pp)B(KO—KT7—)
LHCD [179] 0.0124 + 0.0021 £ 0.0004 0.0124 + 0.0021
BB —pprp) LHCD [179] 0.021 £ 0.009 £ 0.002 0.0210 + 0.0092

B(BY—J/¢¢)B(J/v—pp)B(¢—KTK™)

! Includes contribution where pp is produced in charmonium decays.

2 myp < 2.85 GeV/c?

Measurements that are not included in the tables:

e In Ref. [180|, Belle searches for BY mesons decaying into a final state containing a A
baryon and missing energy. Upper limits on the branching fractions are set in the range

2.1 -38x107°.
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B(B® = ppK*K~) 1
BB°>ppn*n~) 4
BB —»ppK+n~)
B(B° - pppp)
B(B® = pp)
B(B® - ppn®) -
B(BY - ppK?) 1

B(B® - ppK*(892)°)

B(BY - A(1232)* p+c.c.)

B(B®- A(1232)°A(1232)%)

B(B°-AT+A™T)

B(BY - A(1232)°A°)

B(B* - A%+ ) +

B(B* ->A(1232)%)
BB+ s ppn*) A

BB* -ppn*), mpp<2.85 GeV/c? 4

B(B* —»pprn* (NR))

BB* - ppn*n°)

BB* »ppntntnT)

BB+ = pAn®)
BB+ = ppk*) 4
B(B* - ppK*(892)*)

BB* -»ppK*), mpp<2.85 GeV/c? A

B(B* - ppK* (NR))

B(B* - 122200k *) % A(£(2220) - pp)

BB £(2220)K?) x B(f(2220) » pp)

B(B* ~£(2220)K"(892)*) x (£(2220) - pp)

B(B® - f,(2220)K " (892)°) x B(f|(2220) - pp) 1

Figure 2: Branching fractions of charmless BT and B° decays into nonstrange baryons.
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e

BB+ - pA°) I ° |

B(B°-pI(1385)~) 4 1

BB+ »pr(1385)°) 4 1
B(B* - pA(1520)) 1 —

B(B® - A(1232)°A%) 4 1

BB+ - A(1232)*A°) 4 i

B(B® - AA°) 4 1

B(B® - pA%K ) 4 i
BB+ »A°A%K™(892)*) e
B(B® - A°APK " (892)7) 4 —e—
B(B* = NOAK*) A iy

B(B® - APAK?) 4 |

B(B* - N°A%n+) 14 i
B(B®—»pi°n~) 4 —e—
B(B° = pA°n~) A ]
BIB* —pAon) | —e—
BIB* - pA°,(1270)) x Blf,(1270) » =) —e—
B(B* - pAp°(770)) x B(p°(770) »m* 1) A |
B(B* +pA°n*n~) A aal

B(B* = pA°m*m—(NR)) - g |

BB+ »A(1520)A°%K *+ ) 4 i

B(B* > A(1520)A°K*) 1 —e—
B(B* - pA°p(1020)) - —e
BIB* - pAK*K™) A | |
BB* »pAoK+K~) e

B(B®-©(1540) *p) x 5(0(1540) * »pk?) 14—

B(B* 8%+ (1710)P) x B(O** (1710) » pK*) 4 i

B(B* - 4%+ p) ————]

1077 1076 1075

Figure 3: Branching fractions of charmless B* and B° decays into strange baryons.
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3 Decays of b baryons

A compilation of branching fractions of A) baryon decays is given in Tables [36] to . Table
provides the partial branching fractions of A) — Au™p~ decays in intervals of ¢* = m?*(u*p™).
Compilations of branching fractions of =7, =, and (2, baryon decays are given in Tables
, and respectively. Finally, ratios of branching fractions of A), =P, =, and (2, baryon
decays are detailed in Tables [43] to [47] Figure [4 shows a graphic representation of branching
fractions of AY decays.

Table 36: Branching fractions of charmless A) decays (part 1).

Parameter [107°] Measurements Average HFLAV
B(AY = pK'7~)  LHCb [109]'? 12.4+2.0+3.6 124442
12.644.1
B(AY = pK°K~)  LHCb [I09)? < 3.5 <35
_ LHCb [96]*  4.76 +0.44 + 0.95 4.6 703
0 3 08
B4y = pr) CDF [93]° 4.5%0.8
) CDF [93] 6.3+ 1.2+0.8 5.5+ 1.1
0 3
B4y = pK™) LHCD [96]° 5.4+1.0

_ LHCD [181]%7 0.955+£0.186 £ 0.249  1.09 1053
0 0,,+ 0.29
By = Awi™)  CpF [182]7 15204 0.366 = 0.387  1.0s00.55

0.068 10055

+0.025
0.069 Z 2y

B(A) — pr—pTu~) LHCD [183)®

0.31 1008

+0.07
0.31 Lyl ps

B(A) — pK~ete™) LHCb [184)%1° 0.314 15535 0.2

+0.054
B(AY — pK~ptp~) LHCb [184]%19 0.269 +0.013 +9932 0-269 Z 045

+0.051
0.265 £ 07

I Multiple systematic uncertainties are added in quadrature.

2 Using B(B® — K7 77).

3 The PDG average is a result of a fit including input from other measurements.

4 Using B(A) — pK ™).

® Measurement of (B(A) — pr~)/B(B® — K*77))(f/ fa) used in our fit.

6 Measurement of B(A) — pr~)/B(A) — pK~) used in our fit.

" Using B(A) — J/¢A%).

8 Measurement of B(A) — pr—utp™)/(B(A) — J/bpr™)B(J/vb — pFu™)) used
in our fit.

? Measured in the mZ,,_ bin [0.1,6.0] GeV?/c* and for m,x < 2.6 GeV/c?.

10 Using B(A) — J/yYpK ™).
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Table 37: Branching fractions of charmless A) decays (part 2).

Parameter [107°] Measurements Average HFLAV
6.9+ 1.5
0 0 1
B(A9 =A%) LHCh [185] ho]
+7.2
B(A? = A%) LHCb 092 9.23+715 4 0.40 2'42;7?;3
t—5.3
B(AO — A%) LHCD [99]2 < 3.05 <31
B(A9 = Az+7—)  LHCb [186)° 471
4.6%1.9
+1.3
B(AY — A°K+x=)  LHCb [i86J* 5721
5.641.2
+2.4
B(A? — AOK+K-) LHCb [186]° 16.1 57
16.0+2.2
10.0 +2.9
0 0 6 Z24
B(A9 = A9(1020)) LHCb [123] 100°

! Measurement of (B(A) — A%)/B(B" — K*(892)07))f}1—d8 used in our fit.

? Using B(B® — n/ K°).

3 Measurement of B(A) — A7 7)) /(B(A) — AFn™)B(AF — A°7T)) used
in our fit.

* Measurement of B(A? — A°K*77)/(B(A) — AT7n7)B(AF — A%7T)) used
in our fit.

> Measurement of B(A) — A°KTK™)/(B(A) — Afn")B(AF — A%7T))
used in our fit.

% Measurement of (B(4) — A°%(1020))/B(B° — ¢(1020)K°))(f9/fa)2

used in our fit.
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Table 38: Branching fractions of charmless A) decays (part 3).

Parameter [107°] Measurements  Average [FLAV
T2
B(/l2 — prtaTaT) LHCb [187]%23 21.175%
20.9%2.1

+0.66
B(Ag — pK‘K+7r—) LHCbH ’18712,4 4.06 Zg67

4.08+0.60

+5.6

B(Ag — pK77T+7T7) LHCbH ’187]2’5 50.5 53
50.0%+4.9

+1.5

B(AY — pK~K*K~) LHCb [187)26 12.6 13
12.541.3

! Vetoes on charm and charmonium resonances are applied.

2 Multiple systematic uncertainties are added in quadrature.

3 Measurement of B(A) —  prtaa)/(B(A) —
Afn)B(AF — pK~ 7)) used in our fit.

* Measurement of B(A) — pK K™n7)/(B(A) —
At )B(AF — pK~7")) used in our fit.

> Measurement of B(A) —  pK ntx)/(B(A) —
AFn)B(AF — pK~7")) used in our fit.

6 Measurement of B(A) — pK KT'K")/(B(A) —
AFn)B(AF — pK~7T)) used in our fit.
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Table 39: Partial branching fractions of A) — AupTp~ decays in intervals of

m2

pwhp=:
Parameter [1077] Measurements Average HFLAV
‘ mry - < 2.0 GeV?/ct
LHCD [188]  0.72%02 +0.14
CDF [182] 0.1542.01 £ 0.05 0.7£0.3
\ 2.0 <m?,, <43 GeV?/c!
LHCbH [188]  0.253 T3-276 +0.046 0.3+03
CDF [182] 1.84 +1.66 %+ 0.59 =02
\ 43 <m?, <868 GeV?/c!
LHCb [181]  0.66 +£0.72 +0.16 05+ 0.7
CDF [182] —0.20 £ 1.64 +0.08
\ 10.09 < m?, < 12.86 GeV?/c!
LHCD [188]  2.08 T5:35 4 0.42 2.2+0.6
CDF [182] 2.97 4 1.47 £ 0.95 2270
\ 14.18 < m?. - < 16.00 GeV?/c*
LHCD [188]  2.04 7535 4-0.42 1.7+04
CDF [182] 0.96 & 0.73 + 0.31 17405
\ m2, > 16.00 GeV?/c!
CDF [182] 6.97 & 1.88 £ 2.23 7.0+2.9
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Table 40: Branching fractions of charmless =7 decays.

Parameter [107°] Measurements Average HFLAV
'S0 = 0 <15
+EB(E) — pK 717) LHCDb [109]' < 1.5 s
= 2o 770 1 < 0.99
+B(E) — pK K7) LHCD [109]' < 1.0 o
f’:
B(E) — Artar) LHCb [186] <17 <17
Ap
fe
LBz AK-7*)  LHCb [186] <08 <08
Ab
f’:
[—EB(EE — AKTK™) LHCb [186] <03 <03
Ay
f=0 1.91 +0.41
b =0 — -t 2,3 —0.38
Tao B(=) - pK~ntn~)  LHCD [187] i
f= 40.33
= B(Z9 - pKk~K-n*)  LHCb [187]24 L7255
Ag 1.71+0.51
f=
;88(519 — pK+K_K_) LHCbH |187I2’5 0.18 £0.10
Iag 0.17+0.10

! Using B(B® — K%t 7™).

2 Multiple systematic uncertainties are added in quadrature.

f’:
3 Measurement of f;lgB(Eg — pK7r77)/(B(A) — Afz")B(
A

pK~7")) used in our fit.

f’:
4 Measurement of f;gB(Eg — pK~K~77)/(B(A} — Afn~)B(AT —
A3

pK~7")) used in our fit.

f’:
> Measurement of 72 B(Z) — pK+K~K~)/(B(A) — Afx )B(AF —
A

0
b

pK~7")) used in our fit.
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Table 41: Branching fractions of charmless =, decays.

Parameter [107°] Measurements Average HFLAV
— o ” 0.26 £ 0.23
B(S, — D(1385)°K) LHCh [i89]"? 02640114020
B(Z; — A(1405)K~)  LHCb [189]'2 0.19 £ 0.06 = 0.10 ?L;)lfei 0.12
B(Z; — A(1520)K~)  LHCb [189]"* 0.76 = 0.09 = 0.31 2‘07726(3* 0.32
B(S; — A(1670)K~) LHCb [189]'2 0.45 % 0.07 £ 0.22 Sfj 0.23
B(Z; — $(1775)K~) LHCb [I89]"2 0.22+ 0.08 +0.13 ?l‘jfei 0.15
0.26 + 0.25

B(Z; — 2(1915)K~) LHCb [189]"* 0.26 + 0.09 % 0.23

none

! Result extracted from Dalitz plot analysis of =, — pK~ K.
2 Multiple systematic uncertainties are added in quadrature.

Table 42: Branching fractions of charmless (2" decays.

Parameter [107%] Measurements Average

fQ;

fu

x B(2; — pK~K~) LHCb [62]" <061 <0.61

f
- x B(fy —pK-77) LHCb[62]' <173 <17

f—
- x B(, —pr~x7)  LHCb[62]' <3.69 <37

! Using B(B* - KTKtK™).
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Table 43: Relative branching fractions of A) decays (part 1).

Parameter Measurements Average
Zf((ff : ZT(__)) LHCb [96]  0.86 4 0.08 = 0.05 0.86 + 0.09
li(gf : ;,1;?3) LHCb [09]  0.142+0.110 0.14+011
%% CDF [93] 0.042 + 0.007 + 0.006  0.042 + 0.009
%% CDF [03] 0.066 = 0.009 £ 0.008  0.066 %+ 0.012
ff—f%é)%}g% LHCb [123]  0.55 +0.11 = 0.04 0.55 & 0.12
S ) LHCD [183]  0.044+0.012+0.007  0.044+0.014
B(Agj(;f?)izr&’ngﬁ) LHCb [186]  0.073+0.019+0.022  0.073 % 0.029
B(Agfjcfi?f pilo—s LHCb[186] 0089001240013 0089 +0.018
By o KK LHCD [186]  0.253+0.019+0.019  0.253 + 0.027

B(A)— AT =) x B(AF —A07+)
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Table 44: Relative branching fractions of A decays (part 2).

Parameter Measurements Average
B(A)—=pr—ntaT) 11
BMSHM;)X S e LHCb [187]'  0.0685 + 0.0019 + 0.0033 0.0685 + 0.0038
B(A)—pK~—ntn™) 11
B AT ) BT Snk—T) LHCD [187]"  0.164 + 0.003 % 0.007 0.164 £ 0.008
B(A)—spK~K+t7™) 11
BT AT BT k=) LHCD [187]"  0.0132 & 0.0009 + 0.0013 0.0132 + 0.0016
B(A—pK~KTK™) 11
BT AP BT K] LHCb [187]"  0.0411 = 0.0012 % 0.0020 0.0411 + 0.0023
0 ?0 - 7
B(A, = pK 7)) LHCb [109]"  0.25 =+ 0.04 £ 0.07 0.25 4+ 0.08
B(B® — KO7*m~) :
0 707
B(4, = pK K7) LHCb [109] < 0.07 <0.07
B(B® — K7*r~) :
0 0,+,—
B, = Aty ) LHCD [181]"  0.00154 + 0.00030 #+ 0.00020  0.00154 + 0.00036
B(A) — /1 A0) '
B(A) — pK—eTe™) :
LHCbD [184]2  0.00098 F9:90012 4 (. 00008 0.00098 + 0.00016
B(Al? N J/l/JpK_) I | —0.00013
0 K utu™ ;
5 (Ab0_> PR p) LHCD [184]2  0.00084 + 0.00004 + 0.00004  0.000840 4 0.000057
B(A) — J/¢YpK~) '
0 —oteo—
B(4, = pK~ete”) LHCb [184]2 1.1770%8 £ 0.07 1174019

B(A) = pK—ptp~)

I Multiple systematic uncertainties are added in quadrature.
? Measured in the m7,,_ bin [0.1,6.0] GeV?/c* and for myx < 2.6 GeV/c?.
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Table 45: Relative branching fractions of =} decays.

Parameter [1072] Measurements Average
=0 B(50—pKO7r—
= X gt LHCb [109] <3 <3.0
f=0 =0 5pKOK—
b x gt LHCb [109] <2 <20
f=o B(E0—pK~—K+K™) 1
@ X B(AgaAibr)xB(AiepK*ﬁ) LHCD [187] 0.057 £0.028 + 0.013 0.057 £0.031
f=0 B(E0—pK—ntn™) 1
TE) X B(AgaAj;—)xB(Aj—mK—wﬂ LHCD [187] 0.62 £ 0.08 £ 0.08 0.62 £0.11
f=0 B(E0—pK—mtK~) 1
TEJ X BT AT m ) X BT —pk =) LHCD [187] 0.56 £ 0.06 £ 0.06 0.560 £ 0.088
I Multiple systematic uncertainties are added in quadrature.
Table 46: Relative branching fractions of =, decays.
Parameter [107%] Measurements Average
fe= BE-Spr—K)
S st B LHCb [62)  0.2650 4+ 0.0350 £ 0.0470  0.265 £ 0.059
f57 B(E, —»prn—7~)
G ) LHCb [62] < 0.1470 <0.15
f:‘_ = o
S st T L LHCh [62)  0.2590 £ 0.0640 £0.0490  0.259 & 0.081
B(=, = pr 7~
o 2P 7)) tHeb 63 <56 < 56
B(=, - pK-K~)
= K
BIE, 2 pKm) [ hen (6l 98+ 2749 08 + 28
B(=, — pK-K~)
B(=, — =~
(5o =9 ey fion] < < 8.0
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Table 47: Relative branching fractions of (2, decays.

Parameter [107%] Measurements Average

Tor B2y —pK~K-)
s ey LHCb [62] <0180 <0.18

~

2 _B@,—pr ) 1 Hoh [62] <1.090 <11

fu BB~ —KTK K-)

o- B(2, -»pK~77)
ey LHCb[62] <0510 <051

5

BIA) - pK KK ™) 1 e
BIA)—pK K *r~) e
BN —»pK -t~
BN »pntn—n~) o4
BIA)—»AK +K ) 4 =
BAL-AK ™) A e
BN At =) A —e—

F N

BN - pK K ~)
B(A] - pK°m ~) A —e

B(A > A°$(1020)) —
B(A) =A%) 4 e

BIAD - A°R)

F 3

BN —prn—ptp=) A —e—

BN > Aot ) ——
BN » A%) —
BIA)—»pK ™) 1 e
BN~ pr ) 1 e
BIAJ=pK-e*e ) ]
BN »pK=p*u~) 1 e
10~ 10-° 105

Figure 4: Branching fractions of charmless A) decays.
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Measurements that are not included in the tables:

e In Ref. [191], LHCb measures angular observables of the decay A) — Au*p~, including
the lepton-side, hadron-side and combined forward-backward asymmetries of the decay
in the low recoil region 15 < m?(¢¢) < 20 GeV?/c?.

e In Ref. [192], LHCb performs a search for baryon-number-violating =} oscillations and
set an upper limit of w < 0.08 ps~! on the oscillation rate.

e In Ref. 193], LHCb measures the photon polarization in A, — A7y decays to be a, =

40.17 4-0.04
0.82 —0.26 —0.13*

e In Ref. [194], LHCD reports the first observation and amplitude analysis of the A, — pK~y
decay.

4 Decays of B? mesons

Tables [48] to B3] and [54] to 55| detail branching fractions and relative branching fractions of
B? meson decays, respectively. Figures [5| and @ show graphic representations of a selection of
results given in this section.
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Table 48: Branching fractions of charmless B? decays (part 1).

Parameter [107°] Measurements Average HFLAV
Be].le ’195' < 12 O 74 +0.12
B(B? — nt77) CDF [95]* © 010
LHCh 7! 0.70+0.10
B(B® — 770) Belle [196] < 7.7 <7
<210.0
B(BY — 1) L3 [197] < 1000 < 1000
0 2 < 144
B(B, — nn) Belle [198] < 144 s
0 < 29
fs x B(BY — nn) Belle [198] <29 one
B(BY — p°(770)0°(770))  SLD [199] < 320 < 320
B(B° — ') LHCb [16]*  32.4+6.243.0 Z’jj 7
B(B° — 1/$(1020)) LHCb [200] < 0.82 < 0.82
| B(BY — $(1020)£0(980)) x B(f(980) — m*7~)
LHCb [142]* 1.1240.16+0.14  1.1240.21
| B(B? — £2(1270)¢(1020)) x B(f>(1270) — 7+ 7")
0.61 012
LHCb [142]* 0.61 £0.13 1323 S +015
B(BY — ¢(1020)p°(770)) LHCb [142]* 0.27+£0.07£0.03  0.27 £0.08
B(BY — ¢(1020)7t7w~)  LHCb [142]5* 3.48+0.23+0.39  3.48 +0.45
4,6
B(B® = (1020)6(1020)) HEP L3L* 1854 0.5+ 1.6 185+ 1.4

CDF [201]"

185£1.5£22

! Measurement of (B(B? — 7tn~)/B(B° — K*n~))ZL: used in our fit.

2 Using f,.
3 Using B(Bt — nK™).

fa

4 Multiple systematic uncertainties are added in quadrature.

400 < my+p— < 1600 MeV /c?
6 Using B(B® — ¢(1020)K*(892)").
" Using B(B? — J/1¢(1020)).

52



Table 49: Branching fractions of charmless B? decays (part 2).

Parameter [1079] Measurements Average HFLAV
Be].le ’195] < 26 6 1 +0.9
B(BY — K-nt) CDF [93[! oo
LHCD [96]" oE0
Belle [195]> 38 TV ET o7 4 +32
B(B" - K+K~) CDF [94] Y
LHCD [96]3 oEE
p— LHCD [124]%% 16.7£2.9 +2.1 1744 3.1
BB, = KK Belle [202]*>  19.6 13 +£2.2 17.6+3:2
B(B® - K'r+7~) LHCD [111)>¢ 9.49+1.34+1.67 9.5+2.1
B(BY = KOK*n+cc) LHCh [I11]*6 845+35+80  or0E87
84.5+8.8
3.0+1.1
B(B® — K*(892)~n*)  LHCb [113]7 2.98+0.99 +0.42  p=oa6%
2.9+1.1

! Measurement of (B(B? — K~ 71)/B(B° — K*W*))% used in our fit.
d

2 Multiple systematic uncertainties are added in quadrature.
3 Measurement of (B(B? — K*K~)/B(B° — K*+n~)) used in our fit.

fa
4 Using B(B® — ¢(1020)K?°).
® Regions corresponding to D, A} and charmonium resonances are vetoed in this

analysis.

6 Using B(B® — K%t7).
" Using B(B® — K*(892)" 7).
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Table 50: Branching fractions of charmless B? decays (part 3).

Parameter [107°] Measurements Average HFLAV
B(BY = K*(892)" K +c.c.) LHCb [203]'? 186+12+45 18.6 + 4.7
1,2 25 + 20

B(B? — (K7)i" K~ +c.c.) LHCb [203]? 24.9 +£1.8 +20.2

none

B(B® — K;(1430)* K~+c.c.) LHCb [203]'? 31.3+234253 31425

B(B° — K;(1430)* K~ +c.c.) LHCb [203]*2 10.3+25+164  10+17

B(B® — K*(892)°K’+c.c.)  LHCb [203]'2 19.8 +2.8 £ 5.0 19.8 £5.7
B(BY = (Km)i'K'+ec) — LHCh[203)? 262+20+78 o=
B(B® — K:(1430)°K +c.c.) LHCb [203]'2 33.0+£25+9.8 33+10

B(B® — K;(1430)°K +c.c.) LHCD [203]'2 16.8 +4.5+21.3 17422

7 17.14+4.3
B(B® — K9K*(892)°+c.c.)  LHCb [110]>3 17.14+3.6+24 p=0.16%
16.4+4.1

B(B? — K°K+K~) LHCD [111]*® 1.29 4+ 0.55 +0.36 1.29%0.66
3 1.2940.65

B(B? — K (892)°p°(770)) SLD [199) < 767 < 767

_— LHCb [130]2¢ 11.2+22+15 11.0 + 2.0
0 * 0 0 |
B(B; — K*(892)°K (892)7) LHCD [13427 11.1+2.7
B(B? — ¢(1020)K " (892)°)  LHCb [129]>¢ 1.1440.24 4+ 0.17 }‘Jlifgg”

" Not included in PDG average.

! Result extracted from Dalitz-plot analysis of B? — K2K*7~ decays.

2 Multiple systematic uncertainties are added in quadrature.

3 Using B(B® — K%r ™).

4 Regions corresponding to D, AF and charmonium resonances are vetoed in this anal-
ysis.

® Using B(B® — K7 ™).

6 Using B(B® — ¢(1020)K*(892)").

" Measurement of B(B° — K*(892)°K (892)°)/B(B? — K*(892)°K (892)°) used in
our fit.
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Table 51: Branching fractions of charmless B? decays (part 4).

Parameter [107°) Measurements Average ;Y

B(B; — pp) LHCb [171] < 0.0044 < 0.0044
<0.0150

B(B = ppK*K~)  LHCD [173]'2 4.2+0.3+04 jfj;m

B(B? — ppK*7~)  LHCD [173]'? 1.3+£0.240.2 5’530-3

B(BY — pprtn) LHCb [173]' < 0.66 < 0.66
0.43+0.20

B(B° — pA’K~+c.c.) LHCDb 204> 546+0.614+0.82 55410

B(B® — 77) Belle [205] < 3.1 <3.1
LHCb [206]> 34.1+1.7+3.1 34.4+3.3
0
BB, = ¢0(102007) oo po5] 3604 5.0+ 7.0 54.243.6

Yy < 2.85 GeV /2.
2 Multiple systematic uncertainties are added in quadrature.
3 Using B(B® — K*(892)%y).
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Table 52: Branching fractions of charmless BY decays (part 5).

Parameter [1079] Measurements Average [ELAV
LHCb [207] < 0.0094
B(B® — ete™) CDF [208]  <0.28 < 0.0094
Belle [209]° < 15.3
B(BY = 7+7-)! LHCb [210] < 5200 < 5200
: <6800
B(B® = =) LHCb 2112 < 0.025 < 0.025
. none
B(B® — ptp it ) LHCb [212]* < 0.00086 < 0.00086
‘ B(BY — aa) x B(a — pTu~) x Bla — ptu™)
LHCD [212]*%3 < 0.00058 < 0.00058
s none
_ LHCD [213]% 0.832 4+ 0.022 F5:935 0.838 0043
0 + 6,7 e 0.036 0.041
BBy = 010201 1™)™  cpp (182 1.18 + 0,20 1008 0.841:£0.041

B(BY — K"(892)°u*p~) LHCDb [214]®  0.029 +0.010 + 0.004  0.029 + 0.011

B(BY — ntrputu) LHCb [215[10:11 0.084 £ 0.016
' 0.084+0.017
B(B° — ¢(1020)7) DELPHI [114] < 5400 < 5400

* Not included in PDG average.

! PDG shows the result obtained at 95% CL.

2 Limit obtained via a simultaneous fit in three ¢? regions. Limits from the individual
q* regions are reported in the paper.

3 At CL=95%.

4 The mass windows corresponding to ¢ and charmonium resonances decaying to puu

are vetoed.

a is a promptly decaying scalar particle with a mass of 1 GeV/c?

6 The PDG uncertainty includes a scale factor.

" Treatment of charmonium intermediate components differs between the results.

8 Multiple systematic uncertainties are added in quadrature.

9 Using B(B? — J/1¢¢(1020)).

190.5 < mpir- < 1.3 GeV/c%

' Measurement of B(B? — #wta utp™)/(B(B® — J/WK*(892))B(J/¢Y —
put T )B(K*(892)° — K7)2/3) used in our fit.

5
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Table 53: Branching fractions of charmless BY decays (part 6).

Parameter [1079] Measurements Average HFLAV
- LICD [216] < 0.0054
0 + ]
B(BY — etu +c.c.) CDF [208) <02 < 0.0054
B(B® = tte +c.c.) Belle [217] < 1410 < 1410
none
_ LHCbD [218] < 34 < 34
0 + 1 |
B(B: > miuec) Belle 217] < 730 e
B(B" — $(1020)e*p~+c.c.) LHCb [219]1 < 0.0160 ;02;2016
0 _ , <0.012
B(B] — pu~) LHCb [220] < 0.0121 .
B(B® — 1/'n) Belle [221] < 65 <65
B(BY — f4(1525)u*pu~)  LHCh 213 0161400200011 - 01+002
B(BY = 1/ X.5) Belle [222]* < 1400 < 1400
s none
B(B® — 1/ KY) Belle 223]° < 8.16 <82
none
B(B? — pppp) LHCD [179]67 0.0227 £ 0.0100

none

T Preliminary result.

! PDG shows the result obtained at 95% CL.

2 Multiple systematic uncertainties are added in quadrature.

3 Using B(BY — J/1¢(1020)).

Ymy,, <24 GeV/c?

® Using fs.

6 black

" Measurement of B(B? — pppp)/(B(B? — J/v¢(1020)B(J/v — pp)B(¢(1020) —
K*K7)) used in our fit.
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Table 54: Relative branching fractions of B? decays (part 1).

Parameter [1072] Measurements Average
fo B(BO—mtno) LHCD (97| 0.915£0.071 £ 0.083
14 BB KT CDF [05)] 0.8+0.2+0.1 0893 £ 0.098
Log e LHCb [96]  5.075d+04 50712
B(B = ¢(1020)¢(1020)),
= CDF |201 1.78 £0.14 £0.20 1.78 £0.24
B(B? — J/¢(1020)) 1201
B(B® — $(1020)¢(1020))
LHCbD [131)> 184+5+£13 184 £ 14
B(BY — ¢(1020) K*(892)°) 1131]
Jo BB K ) LHCb [96] ~ 7.440.6+0.6
Ja BB KT CDF (93] 714+1.0+07 730+ 0.70
£2 BUBRS K K) LHCb [06]  31.6+£0.9+1.9 .
Ja BBI>KTm) CDF [04] 34.7+2.0+2.1 L
B(BY — Kxt71™)
- LHCD [111)>? 19.14+£2.74+3.3 19.14+4.3
B(B® — Kottn—) 111
B(BY - K'Ktr~+c.c.)
) LHCD [111)>? 170 £7 £ 15 170 £ 16
B(BY — Ko7t7n—) 111
B(B® - K'K*K"~)
: LHCD 111> < 5.1 <5.1
B(BY — Kort7—) [111]
B(BY — K*(892)~7™)
. LHCb |113 39+13£5 39+ 14
B(BY — K*(892)*t7~) 1113
B(B? — K*(892)°K (892)°)
2 LHCb [130)> 111 4£22+13 111 £ 26
B(B® — ¢(1020)K*(892)") 1130
B(B° — $(1020)K (892)°)
LHCb [129)> 11.3£244+16 11.3£2.9
B(B® — ¢(1020)K*(892)°) 1129
B(BY — $(1020)ut i) LHCD [213]>  0.0800 = 0.0021 = 0.0016
B(BY — J /(1020 )) CDF [182]  0.113 +0.019 + 0.007 00806 % 0.0026

I The PDG average is a result of a fit including input from other measurements.
2 Multiple systematic uncertainties are added in quadrature.
3 Regions corresponding to D, A and charmonium resonances are vetoed in this analysis.
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Table 55: Relative branching fractions of B? decays (part 2).

Parameter [1072] Measurements Average
B(BY — ppK*77)
- LHCD |173|%2 22 £442 2245
B(B® — ppK+7n~) 1173
B(B? — ppKt77)
- LHCDH |173]* 31£542 3145
B(BY — ppK+K~) 1173
B(BY—K"(892)°ut ) 2
BUBIS 7o (892)0) x B(Jj 1t 1) LHCb [214] 1.44+04+0.1 1.4+04
BY — K (892)°u*p~
B(_g — K (892)47u7) LHCb 2142 3.3+1.1+04 3.3+1.2
B(B" — K (892)°utpu)
B(B" — ¢(1020)¢(1020)¢(1020))
- LHCb [224 11.7£3.0£1.5 11.7£34
B(BY — ¢(1020)¢(1020)) 1224
B(B® — K'K")
: LHCD [124]> 230 £40 £ 22 230 + 46
B(B° — $(1020)K0) 1124
B? — K3K*(892)+c.c.
B(B, = KgK"(892)+c.c) LHCb [I10]> 33+7+4 3348

B(B° — K)rtn-)

B(B) — f5(1525)u*u”)
B(BY = J/1¢(1020))

LHCb [213]*>  0.0155 4 0.0019 + 0.0008 0.0155 £ 0.0021

B(B—ntn—putp~)
B(BY—=J/pK*O)xB(J/p—utpu= )xB(K*0—K+n—)
LHCb [215]*  0.167 4 0.029 4 0.013 0.167 £0.032

B(B°—pppp)
B(BO—>J/¢¢)B(J/¢—IQ>ZI;71;B(¢—>K+K*) LHCb [179] 21+09+£0.2 2.10 £ 0.92

Ymyy < 2.85 GeV/c?.
2 Multiple systematic uncertainties are added in quadrature.
30.56 <mgip < 1.3 GeV/c2
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Measurements that are not included in the tables (the definitions of observables can be found
in the corresponding experimental papers):

e In Ref. [213], LHCD reports the differential B? — ¢~ branching fraction in bins of
20,1~
m*(ptp”).
e In Ref. [225], LHCD performs an angular analysis of B? — ¢u™ ™ decays and reports F7,
Ss, Sy, Sq, As, AL Ag and Ay in bins of m?(utpu~).

e In Ref. [226], LHCb reports the photon polarization in B? — ¢ decays.

e We do not perform the average of the branching fraction of B — p*pu~ decays, which is
taken care of by the LHC Heavy Flavour Working Group [227], taking into account the
correlations between the B® — p*p~ and B? — p*pu~ branching fractions. The latest
results from ATLAS, CMS and LHCb are in Refs. [228-230], respectively.

5

BBY e+ e ) ————]

BBloTHTT) 4 i

BB »e*u~ +c.c.) —

BB -p*pTy) i
BB utupt ) 4
BBY-ntn utuT)q tef
B(BY - $(1020)u* =) 1 L]

B(BY - R*(892)%u+p~) 4 e

107° 1078 1077 1076 1073 1074 1073 1072

Figure 5: Branching fractions of charmless leptonic BY decays.
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=

B(BY - pp) 14

BB ppn*n-) 4
B(BY - ppkK*n~)

BB - ppK*K~) q
B(B2 - pA°K ~ +c.c.) 4
B(B2 - $(1020)K*(892)°)

BIBY > K" (892)°K" (892)°) -

B(BY > K" (892)°0°(770)) 14
BB - KIK™(892)%+c.c.) A
B(BY »KRY)

B(BE K, (1430) K ~+c.c.)

B(BY = K; (1430) K~ +c.c.)
BBY K" (892) "+ ) A

BB K (892)*K~+c.c.) q
BB - (Kmy* K~ +c.c.) q
B(BY »K°K*K~) 4

B(BY > K%K+~ +c.c.) A
BB »K°n*n~) 4

B(BY - $(1020)¢(1020)) 1
BB»n*n) A
BB2-»K~m+) A
B(BY = K°R®) +

BBY+K*K~) 1

B(B2 - n°n°) 14

B(B? - n®) 14

B(B2-nn) 4

f; x B(B2 »nn) 14

B(BY - p°(770)p°(770)) 14

B(BY - yy) 4
B(B? - $(1020)y) 1

BB - n'n)

B(B2 - n'$(1020)) 14

B(BY - ¢(1020)1* )

B(BY - ¢(1020)f,(980)) X B(f(980) »n* 1) q
B(BY - (1270)¢(1020)) x B(H(1270) »n+n~) -
B(B2 - $(1020)p°(770))

B(B? - $(1020)¢(1020))

Figure 6: Branching fractions of charmless nonleptonic B? decays.
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5 Decays of B mesons
Table |56| details branching fractions and ratios of branching fractions of B meson decays to
charmless hadronic final states, except for decays to final states containing B? mesons that are

quoted in Sec. ?77.

Table 56: Branching fractions and relative branching fractions of B

decays.
Parameter Measurements Average
B(BY — pprt) x ;ﬁ- [108] LHCD [231]' < 2.8 <28
B(Bf =Kt K? 2 _
Bty X £ [107 LHCb [9] <58 <58

B(Bf — K+EK')? [1074] LHCbH [9] <46 <46
B(Bf — K*K-7") x £ [1077] LHCb [232]° <150 <15

B(Bf = ntptu)
B(Bf — J/ymT)

! Measured in the region ,; < 2.85 GeV/c?, pr(B) < 20 GeV/c and
2.0 <y(B) <4.5.

2 Derived from the ratio in the previous entry using B(BT — K% ™) =
(23.97 £0.53 £ 0.71) x 107%, f, = 0.33 and f. = 0.001.

3 Measured in the annihilation region mg++ < 1.834 GeV/c?, and in
the fiducial region pr(B) < 20 GeV/c and 2.0 < y(B) < 4.5

[107] LHCb [233) <21 <21

6 Rare decays of B and B™ mesons with photons and/or
leptons

This section reports different observables for radiative decays, lepton-flavour /number-violating
(LFV/LNV) decays and flavour-changing-neutral-current (FCNC) decays with leptons of BY
and B mesons. In all decays listed in this section, charmonium intermediate states are vetoed.
Tables [57] to [61], [62] to [66] and [67] to [69) provide compilations of branching fractions of radiative
and FCNC decays with leptons of B* mesons, B mesons and their admixture, respectively.
Tables|66|and [69]also include LEV /LNV decays. Tables[70|and [71]contain branching fractions of
leptonic and radiative-leptonic B and B° decays. These are followed by Tables[72|to[74] which
give relative branching fractions of B* and B decays, then Table |75, which gives a compilation
of inclusive decays. In the modes listed in Table [75] the radiated particle is a gluon, which
is an exception in this section. Table [76] contains isospin asymmetry measurements. Finally,
Tables [77] to [79] and [80| provide compilations of branching fractions of B™ and B° mesons to
lepton-flavour /number-violating final states, respectively. The average of Figures [7| to (12 show
graphic representations of a selection of results given in this section.
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Table 57: Branching fractions of BT radiative and FCNC decays with leptons (part

1).

Parameter [1079] Measurements Average HFLAV
Belle [234] 376+ 1.0+1.2
BaBar [235] 422+1.4+1.6 39.9+1.2

+ * +~)1
BIBY = KX(892)"9)"  pejie 11 236]1 524+ 4 + 3 59.242.2

CLEO [237] 37.6783+28

L I S o Sy
B> Kr)  pep b aiiaits e
B Kz pet bR R e
B K" bl niirens e
Bkt pepBhs Tenitrt Ml

Belle [244] 248 +£0.30£0.24 2.711+£0.34

+ +4)1
BBY = o(1020)K79)" g par pa5]? 3.5+ 0.6+ 04 0.7120.42

T Preliminary result.

I The PDG uncertainty includes a scale factor.

2 mpr < 2.0 GeV/2.

30.79 < mgr < 1.0 GeV/c2

4 Multiple systematic uncertainties are added in quadrature.
51 < Mgnr <2 GeV/c2

6 M g () < 3.25 GeV/cQ.

"y, < 2.4 GeV/c2

® mgy < 3.4 GeV/c?

" mex < 3.0 GeV /2
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Table 58: Branching fractions of BT radiative and FCNC decays with leptons (part
2).

Parameter [1079] Measurements Average HFLAV

- BaBar [238]7 245+00+12 246+ 1.3
+ +r— )l J
B(BT = Ktnr™) Belle 230  25.0 £ 1.8+2.2  s5.5%1.5

BaBar 238> 23.4+0.910% 23.34 1.2

+ * 0.+
BIBT = KX®2'7™0) ol RAGT 20070420 anatid

BaBar [238]2 82404 +0.8

+ + 0
B(BT — K*p?(770)7) Belle 246]7 < 20.0 82409
| B(B* — (Km)'mty) x B(Km)? — K*7~)°
12 +0.7 +1.5 103457
BaBar 2387  10.375% 750 none
_ BaBar 238|126 9.9+0.7 115
+ + + | 1.9 +1.7
BB® = Krmm™y(NR)) oo pag]7 < 9.2 99220
B(B*T — K% tn0y) BaBar [247|2 456+42+31  45.6+5.2
BaBar [238|%® 9.7755 29
+ + ] 29 -24 +5.4
B(BT — Ki(1400)") Belle 239 < 15.0 97235
B(Bt — K*(1410)*~) BaBar [238[>% 27.1+54 439 27.1 189

n . 0+ BaB 12,8 +0.09 +0.24 132705
B(Bt — K;(1430)°7 ") aBar [238]*° 1.32 7570 Z0'50

1.52105
BaBar [248] 145+4.0+1.5
+ * + ,

B(Bt — K*(1680)*~) BaBar [238]%8 66.7 793 +144 6717

: <14
B(BT — K;(1780)%~) Belle [241 <14 v

. <
B(BT — K}(2045)*~) ARGUS [249] < 9900 < 9900

! The PDG uncertainty includes a scale factor.

2 Mgnn < 1.8 GeV /2.

31 < Mgnr < 2 GeV /2.

Y M < 2.4 GeV /2.

® This corresponds to the (K7) S-wave obtained with LASS parameterisa-
tion [250].

S mpr < 1.6 GeV/c2.

T1.25 < mgr < 1.6 GeV/c? and mpr, < 2.4 GeV /2.

8 Multiple systematic uncertainties are added in quadrature.

64



Table 59: Branching fractions of BT radiative and FCNC decays with leptons
(part 3).

Parameter [107°] Measurements Average HFLAV
Belle 11 [251]F1 1.31 7520 7013 1.29 +0.20

+ +
BIBT = p"(T7007) paBar p52] 1204402  o.0st0%

B(B* — pA') Belle [167] 245704 4022 245049

B(B* — pZ ) Belle [253] < 4.6 <46

T Preliminary result.
I Result obtained with a combination of Belle and Belle I datasets.
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Table 60: Branching fractions of BT radiative and FCNC decays with
leptons (part 4).

Parameter [1079] Measurements Average ;oY
B Belle [254] < 0.049
+ +p+ )1 :
B(BT — m7L7) BaBar 255 < 0.066 OV
B Belle IT [256|12 < 0.054 < 0.05
+ +ote)! ,
B(BT — mete) BaBar [255] < 0.125  <o.08
BaBar [255] < 0.055
BB+ = mt o) Belle [254] < 0.069  0.0178 4 0.0023
LHCD [257]34
B(B* — p*t(770)¢T¢7)  Belle II [256]7? < 0.189 ;02'619
B(Bt — pt(770)ete™)  Belle II [256|"2? < 0.467 ;02;547
B(B* — pt(770)ut ™) Belle IT [256] 1 < 0.381 ;25’8
B(B" — wtup) Belle 258 <140 _

BaBar [259] < 100.0

T Preliminary result.

! Treatment of charmonium intermediate components differs between
the results.

2 Result obtained with Belle dataset.

3 LHCD also reports the branching fraction in bins of m7,,_.

1 Measurement of B(BT™ — #tutu™)/(B(BT — J/WKYB(J/¢Y —
7)) used in our fit.
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Table 61: Branching fractions of B radiative and FCNC decays with leptons (part 5).

Parameter [1079] Measurements Average HELAV
Belle [260]  0.500 70 £ 0.014 0.576 % 0.040
+ + o4 p—\1 il —0.043
B(BT — K*re) BaBar [261]  0.476 7003 + 0.022 0.471£0.046
Belle [260) 0.575 19551 +0.015 0.561 & 0.056

B(BT — Ktete )

BaBar \

0.51 017 £ 0.02
0.429 4 0.007 £ 0.021

+0.058
0.560 —0.055

0.435+0.019+0.015  0.443 £ 0.016
+ )21 .
B(BT = K*prp”) 0.624 7005% 4-0.016 0.453+0.035
0.41 1918 +0.02
B(B* — K+rtr) < 2250.0 < 2250
10.0 + 6.0
23+5+
B(Bt — K*vw) 2.0780 13’(;80i 3.5
29.0 + 16.0 =
15.0 755" 150
B(B* — p*(770)up) <30.0 <30
0.924%0.093£0.067 | 0000

B(B* — K*(802)*(+(~)>!

1.24 1022 £0.13
1.40 7950 £0.09

+0.113
1.009 Ty s

_y  BaBar [261] 1381017 +0.08 1.55£0.33

+ * + 4+ 1 e 0.42

B(BT = K*(892)Te"e™)" g [269; 1731050 4 0.20 1.55°+0:36
0.924 + 0.093 + 0.067

B(B* — K*(892)"utpu~)*! 1111932 £0.10 0.96 £ 0.10
1.46 7072 £ 0.12
< 40.0

B(B* — K*(892)*vp) < 61.0 <40
< 64.0

L 0.434 + 0.038
B(B* — K*ntn~ptp~)  LHCb 2709 0.4337 200350 + 0.0254 0453-+28

B(BT = ¢(1020) K utp™)

B(BT — Zopyﬁ)

LHCb 10

BaBar 271

+0.0180 +0.0114
0.0790 —0.0160 —0.0072

< 30.0

0.079 79022

+0.021
0.079 £5:521

<30

* Not included in PDG average.
! Treatment of charmonium intermediate components differs between the results.
2 The PDG uncertainty includes a scale factor.

3 Value extrapolated from the low ¢ region using Flavio package. The paper also provides

the value using Superlso, which is 0.439 with the same errors.

4 Semileptonic tag. Paper only reports UL. The value reported here is calculated in

Ref. .

® Semileptonic tag

6 Hadronic tag. Paper only reports UL. The value reported here is calculated in Ref. .
7 Hadronic tag

8 Only muons are used.

9 Using B(B* — ¢(2S5)K ™).

10 Using B(B* — J/¢¢(1020) K ).
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Table 62: Branching fractions of B° radiative and FCNC decays with leptons (part

).

Parameter [107°] Measurements Average
Belle [234]  39.6+0.7 £ 1.4
BaBar [235] 44.7+1.0+1.6

HFLAV
PDG

B(B" = K*(892)")"  Belle 11 [236]/ 45+ 3 + 2 L
CLEO [237] 455172 +3.4 R0
LHCb [206]"2, [185]"3
_ Belle [234]"4  39.5+£0.7+1.4 414 +1.2
0 +
B(B" = K'm™) BaBar [235]"% 44.5+ 1.0 + 1.7 46414
Belle [234]*  40.0 £2.7+24 422429
0 0.0
B(B" =~ Kgm™) BaBar [235]° 46.6 £ 3.7+ 3.5 none
B(B® — K*(1410)%)  Belle [246]" < 130.0 <130
B(B® — K*7=(NR)) Belle [246]7 < 2.6 <26
BaBar [240]® 7.1735,40.4 7.6+ 1.8
0 0 2.0
B(B" = nk™) Belle [241]7  8.7+31+19 76115
Belle [242)'° < 6.4
0 /170
B(B" = n'K7) BaBar [243° < 6.6 <04
Belle [244]  2.74 4 0.60 4 0.32
0 0
B(B’ = 6(1020)K%)  p.p Spian C oy 2.74 £ 0.68
| B(K*0X(214)) x B(X (214) — p*p”)
Belle [272]2 < 0.0226 <0.023

 Preliminary result.

" Not included in PDG average.

! The PDG uncertainty includes a scale factor.

2 Measurement of B(B? — ¢(1020)v)/B(B® — K*(892)%y) used in our fit.

A

3 Measurement of (B(A) — A%)/B(B° — K*(892)07))ff—d8 used in our fit.
Ymp, < 2.0 GeV/c2.

2 0.78 < mpr < 1.1 GeV/c2.

60.82 < mg, < 1.0 GeV/c2.

T1.25 < mp, < 1.6 GeV/c2.

8 M0 < 3.25 GGV/CQ.

gy < 2.4 GeV/c2

Vg, < 3.4 GeV/c?

1 Mmex < 3.0 GeV/cz.

12 X (214) is searched for in the mass range [212,300] MeV /c?.
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Table 63: Branching fractions of B° radiative and FCNC decays with leptons (part 2).

Parameter [107°] Measurements Average 1FLAV
BaBar [238]" 20.5+2.0 729

B(B® = K7 n=~) BaBar [247]' 185+£214+1.2 199+ 1.8
Belle [239]7  24.0+£4.0+3.0

B(B® = K*+n17) BaBar [247]' 40.7+£2243.1  40.7+3.8

B(B® — K,(1270)%) Belle [239] < 58.0 < 58

B(B® — K2K2v) Belle [273]> < 0.58 < 058

none

B(B® — £,(1270)7) x B(f2(1270) — K3K?) Belle R73]* < 0.31 fwgfl

B(B® — f3(1525)7) x B(f4(1525) — KOK9) Belle 273]° < 0.21 ;02'621

B(B® — K;(1400)%) Belle [239] < 12.0 <12
BaBar [248] 122425410

0 * 0
B(B" — K;(1430)™) Belle 246]  13.0+50+10 |>4E24
B(B® — K3(1780)) Belle [241] < 30 =

Ymigers < 1.8 GeV /2.

21 < mgrr <2 GeV /2.

3 Measured in bins of myogy. We report the result for the full range, 1.0 GeV/c* < MK KD
3.0 GeV/c2.

4 Measured in bins of M0 KO- We report the result for the full range, 1.00 GeV/c? < MO KO
1.44 GeV/c?.

® Measured in bins of mgoxo. We report the result for the full range, 1.44 GeV/c* < M9 KO
1.63 GeV /2.

69



Table 64: Branching fractions of B° radiative and FCNC decays with leptons (part 3).

Parameter [107°] Measurements Average HFLAV
Belle IT [251]%1 0.75 £ 0.13 7552 0.82+0.13
0 0 0.08
B(B” = p(770)) BaBar [252]  0.971924 £ 0.06  o0.s6%0.15
B(p"X (214)) x B(X(214) — p*p~) Belle 722 < 0.0173 <0.017
Belle [274] 0407079 £0.13  0.44 £0.17
0 0.17
B(B” = w(782)) BaBar [252]  0.50 1021 +0.00 g4 0t
Belle [275| <0.1
0
B(B" = ¢(1020)7) BaBar [276] < 0.85 <01
B(B° = pA'n ) Belle [277] < 0.65 < 0.65
. Belle I [256]™4 < 0.038 <0.038
0 0p+ 3
B(B" = merL7) BaBar [255] < 0.053 <0.053
. Belle 11 [256]™4 < 0.079 < 0.079
0 0,+ 3
B(B" — mieter) BaBar [255] < 0.084 <0.084
) Belle I [256]"* < 0.059 < 0.059
0 0,,+ 3
B(B” = mp' ™) BaBar [255] < 0.069 <0.069

T Preliminary result.

! Result obtained with a combination of Belle and Belle 1T datasets.
2 X (214) is searched for in the mass range [212,300] MeV /c?.
3 Treatment of charmonium intermediate components differs between the results.

4 Result obtained with Belle dataset.
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Table 65: Branching fractions of B° radiative and FCNC decays with leptons (part 4).

Parameter [1079) Measurements Average HFLAV
Belle 1T [256]71 < 0.048 < 0.048
0 +p— s
B(B” = nt™7) BaBar < 0.064 <0.064
_ Belle 11 [256|"! < 0.105 < 0.10
0 + ey
B(B® = nete”) BaBar < 0.108 <0.11
Belle II [256|"! < 0.094 < 0.094
0 +,,- e
B(B” = ™) BaBar <0.112 <0.112
0 + - 1 < 0.22
B(B® — w(782)¢+(7) Belle IT 256" < 0.220 e
0 L t1 <0.31
B(B® — w(782)ete™) Belle IT [256]"! < 0.307 .
0 Lo 1 < 0.25
B(B® — w(782)u* ™) Belle IT [256]"! < 0.249 e
0 0 4o 1 < 0.46
B(B® — p°(770)ete™) Belle IT [256]"! < 0.455 .
B(B" — n°vp) Belle [258] <9.0 <9.0
0.327 +0.034 + 0.017
B(B® — K%*(~)? 0.351 gg;sggg +0.010 2"5’229%352'032
0.21 73124 0.02 0093
- Belle [260]  0.306 “{¢g6 & 0.008 0.249 4 0.072
0 0,4+ 42 VU 0.086
B(B” = K%eTe™) BaBa% 0.08+015 ¢ 0.01 0.247+0:199
0.327 +0.034 + 0.017
0.341 +0.034
B(B® — K°u*p~)%? 0.394 ggﬁggg +0.012 R
0.49 1932 +0.03
_ Belle [258] < 26.0
0 0 e
B(B — Kr) BaBa <490 < 26
— 127 elle < 40. <
B(B® — p°(770 Belle [258 40.0 40
_ Belle [269]  0.97 7071} +0.07 0.99 £0.12
0 * 0+ 2 VI 0.11
B(B” — KX(892°0707)° gy 1037922 4 0,07 0.09+0.12
Belle [269 1.18 7327 + 0.09 1.04 +0.17
0 * 0,4 ,—\2 VI —0.22
B(B” = K*(892)%7e™)" gy 0.86 7028 1 0.05 1034019
+0.016
0.904 75916 + 0.062 0.94 4 0.06

B(B° — K*(892)°utpu)>? 1.06 T919 £+ 0.07

1.35 7049 4 0 10 0.940.05
B(B° — K*(892)°7*7~)  Belle 279] < 3100 ;02200

T Preliminary result.

* Not included in PDG average.

! Result obtained with Belle dataset.

2 Treatment of charmonium intermediate components differs between the results.
3 Only muons are used.

4 The PDG uncertainty includes a scale factor.

® The PDG average is a result of a fit including input from other measurements.
6 Multiple systematic uncertainties are added in quadrature.
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Table 66: Branching fractions of B? radiative and FCNC decays with leptons
(part 5).

Parameter [1079] Measurements Average HFLAV

B(B® — ntr utu™) LHCD [215]123 0.021 4 0.005

Belle [258] < 18.0
B(B° — K*(892)"v7) Belle [267] < 55.0 <18
BaBar [268] < 120.0

B(B° — $(1020)v7) Belle [267] < 127.0 <127
B(B? — mletu~+c.c.) BaBar [280] < 0.14 < 0.14

Belle [260] < 0.038

0 0,+,,—

B(B? — K% pu~+c.c.) BaBar 81| < 0.27 < 0.038
LHCb [219]1 < 0.0068

B(B® — K*(892)%* 1) Belle 2] <016 =V
BaBar [281] < 0.53 01000
LHCb [219]7 < 0.0057

B(B® — K*(892)% u*) Belle 282] <012 %‘0057
BaBar [281] < 0.34 <0200
LHCD 219" <o0.0101  _ o0

B(B" — K*(892)% " +c.c.) Belle [282] < 0.18 , 1;90
BaBar [281] < 0.58 =

B(BY — Afu™) BaBar [283] <14 <14

B(B° — Ate™) BaBar [283] < 4.0 < 4.0

< 0.0032

B(B® — ¢(1020) % 1) LHCb [284]* < 0.0032

none

T Preliminary result.

! The mass windows corresponding to ¢ and charmonium resonances decaying
to up are vetoed.

205 < Mpip- < 1.3 GeV/c2.

3 Measurement of B(B® — nra utu™)/(B(B® — J/YK*(892))B(J/¢ —
pt T )B(K*(892)° — K7)2/3) used in our fit.

4 LHCD also reports an upper limit at 2.3 x 107 excluding the ¢ and charmo-
nium regions.
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Table 67: Branching fractions of radiative, FCNC decays with leptons and
LFV/LNV decays of B*/B° admixture (part 1).

Parameter [107°] Measurements Average HFLAV
B(B — Kny) Belle [241]7  85+1.3%]2 8.511%
B(B — K;(1400)y) CLEO [237] <127 <127
B(B — K;(1430)y) CLEO [237] 166>+ 1.3 16.6 789
, <14
B(B — K;(1780)y) Belle [241] <14 Y
Belle [285/23 351 + 15+ 41
BaBar [286]2* 331 + 16 + 31
Belle [287/2% 375+ 18 4+ 35
BaBar [288]25 352 + 20 + 51
B(B — Xv) CLEO [289]26 328 + 44 4 28 39+ 19
Belle
IT fpoo|te 366 £81£86
BaBar [201]25 390 + 91 + 64
B(B — Xgv) BaBar [202] 9.2+20+23  9.2+30
Belle [274] 1.211902) £0.12  1.404+0.22
7 i 0.22
B(B = p) BaBar [252]  1.737031 4017 139402
Belle [274] 1.144+0.201919  1.30 £0.18
7 | 0.12
B(B = p/w) BaBar [252]  1.637030+0.16  1.30+0:%
BaBar [293|1 7.69 1052 1010 6.67 4 0.83
+,-\7,8,9 /9] —0.77 —0.60
B(B = Xeter) Belle [204] 4.044+1.30 7987 g4t
_ Belle [294] 413+£1.0570%  4.27+£0.95
+ 8,9 ] 0.81
BB = X i )" oy [20310 4.41 +181 1063 4.27+0.99
BaBar [293/'° 6.73 10-70 +0-60 5.84 + 0.69

B(B — X, (+(~)379

Belle [294] 4.11 +0.83 7%

584115

 Preliminary result.

Y, < 2.4 GeV/c2.

? Measurement extrapolated to E, > 1.6 GeV using the method from
Ref. [295].

3 The systematic error includes a shape-function systematic of 0.01.

4 The systematic error includes a shape-function systematic of 0.02.

® The systematic error includes a shape-function systematic of 0.04.

6 The systematic error includes a shape-function systematic of 0.06.

" The PDG uncertainty includes a scale factor.

8 Belle uses my+,~ > 0.2 GeV/c?, BABAR uses my+- > 0.1 GeV/c?%.

9 Treatment of charmonium intermediate components differs between the
results.

10 Multiple systematic uncertainties are added in quadrature.
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Table 68: Branching fractions of radiative, FCNC decays with leptons and
LFV/LNV decays of B*/B° admixture (part 2).

Parameter [1075] Measurements Average HIFLAV
B BaBar [255] < 0.059
+ 1
B(B — ml*7) Belle [254] < 0.062 < 0.059
B(B — mete™) BaBar [255] < 0.11 <0.11
B(B — mutp”) BaBar [255] < 0.05 < 0.05
_ Belle [269] 0.48 7005 & 0.03
+ 1 0.07
BB = Ke'e)'  popar po1] 0388000 4 g g9 044 E0.06
Belle [269] 1.39030 £0.12
_ BaBar [261]  0.99103% 4+ 0.06 1.2240.16
* 4 ,—)2,1 0.21
B(B — K*e*e™) Belle 149 4 0.48 4+ 1.19%9-21
IT [296]144 42 +0.48 +£0.09
CDF [182]  0.42 4 0.04 £ 0.02
B(B— Kutp~)'  Belle [269]  0.50 £0.06 £0.03  0.442 + 0.036
BaBar [261]  0.41 1015 £0.02
CDF |[182] 1.01 4 0.10 4 0.05
., Belle [269] 1.10 751$ 4+ 0.08 1.07 £ 0.09
*+ 1 0.14
BB = K0 0™)" gelle IT 296] 1.19 + 0.31 1008 1.06£0.09
BaBar [261]  1.35 5% +0.10
_ Belle [269] 0.48 1003 +0.03
+ 1 0.04
BB = KECO) popar por]  047+006+002 A8 +004
Belle [269] 1.07 1915 £0.09
_ BaBar [297]  1.027513 +0.05 1.07 4 0.10
%o+ p—\1 0.13
B(B — K707 Belle 1.95 + 0.30 +0-08 1.05+0.10
1T [296]"34 ' Y 0.07

' Preliminary result.

! Treatment of charmonium intermediate components differs between the re-

sults.

2 The PDG uncertainty includes a scale factor.

3 J/ and 1(2S) regions are vetoed.

Y Mere- > 0.14 GeV /2.
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Table 69: Branching fractions of radiative, FCNC decays with lep-
tons and LFV/LNV decays of B*/B" admixture (part 3).

B(B — Ke*;¥)  BaBar [281] < 0.038 < 0.038

Parameter [107°] Measurements Average HFLAV
PRI
B(B = K'vp) EZ%ZFE?'SI She <
B(B — mvp) Belle 58] <80 <80
B(B — pvv) Belle [258| < 28.0 < 28
B(B — me*uT) BaBar [280] < 0.092 < 0.092
B(B — pe*u) CLEO [298] <32 <3.2
(
(

B(B — K*¢*;¥)  BaBar [281] <051  <0.51
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Table 70: Branching fractions of leptonic and radiative-leptonic B* and B°

decays (part 1).

Parameter [1077] Measurements Average HFLAV
Belle [299] <98
+ +
B(BT = etve) BaBar [300] < 19 <98
Belle [301] < 8.6
B(B* — ptu,) BaBar [300] < 10 <86
Belle [302] < 10.7
Belle [303] 720 7350 £ 110
Belle [304] 1250 +280 +£270 1094 + 208
+ +,,\1
B(BY = 7vr) BaBar [305] 1830 7330 4 240 1094 T47
BaBar [306] 1700 = 800 = 200
Belle [307]2 < 30
+ +
BIBY = ') paBar 308 < 156 <30
Belle [307]> <43
+ +
BB = ¢™ve7)  puBar [308] < 170 <43
Belle [307]2 < 34
+ +
BIBY = 1'v7)  BaBar [308] < 260 <3
Belle 11 [309]3 < 0.64 < 0.64
0
B(B" = 77) BaBar [310] < 3.3 <8.20
LHCb [207] < 0.025
. CDF [208] < 0.83
0 +
B(B” = ete”) BaBar 311] < 1.13 < 0.025
Belle [312] <19
B(B" — ete ) BaBar [313] < 1.2 <12

T Preliminary result.

! The PDG uncertainty includes a scale factor.

2 E, >1 GeV.

3 Result obtained with a combination of Belle and Belle II datasets.
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Table 71: Branching fractions of leptonic and radiative-leptonic B™ and
B decays (part 2).

HFLAV

Parameter [1077]  Measurements Average ., .

< 1.5
none

B(B® — utp) BaBar [313] < 1.5

B(B® — ptp~ptp~) LHCb 212]'2 < 0.0018 < 0.0018

| B(B® = SP) x B(S — ™) x B(P = i) ‘
LHCb ’31811’2 < 0.006 < 0-0060

‘ B(Boéaa) XB(a_>u+u—) XB(CL—>[L+IU_) ‘
LHCb [212]%2 < 0.0023 < 0.0023

none

LHCbD [210] < 16000 < 16000

0 +—\4
B(B" —r77) BaBar [314] < 41000 <2100

BaBar [315] < 240

0 —
B(B" = v7) Belle [316] < 780 <240
_ Belle [316]° < 160
0
B(B" = vr) BaBar B15° < 170 < 160
B(B* — ptp-pty,) LHCb BIT]2 < 0.16 <0.16

! The mass windows corresponding to ¢ and charmonium resonances
decaying to uu are vetoed.

2 At CL=95%.

3 a is a promptly decaying scalar particle with a mass of 1 GeV/c?

4 PDG shows the result obtained at 95% CL.

> E,> 0.5 GeV.

6 E,>1.2 GeV.
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Table 72: Relative branching fractions of B radiative and FCNC decays with leptons (part 1).

Parameter Measurements Average
‘ BBiomiii) 10 om2 < 6.0 GeVE/ch
B(Bt—=Ktputp—)’ = 0+e— ’
LHCD [257]  0.038 £0.009 & 0.001  0.038 & 0.009
AP i) Full mg,, range Belle 260]  1.08 7016 + (.02 1.08 £ 0.16
+ +utu—
PSR 00 <mE, < 11 GeVE/c!
LHCD [319]  0.994 +0:090 +0.029 0.994 + 0.090
+ +utu—
SR 11 <md, < 6.0 GeVE/c!
LHCbH [319]  0.949 *3912 +0.022
CMS ’263] 078 +0.46 +0.09 0947 + 0047

—0.23 —-0.05

Kt
f@((g+':[1{(+/;+g—))7 0.10 < mf,, <8.12 GeV?/c* and mj,,. > 10.11 GeV?/c!

BaBar [297]

Bt ) 1.0 <ml.,. < 6.0 GeV2/ct 1
Belle [260]

B(B°—»Koutu~)

B(BO>K%eTe )’ Full mﬁﬁ range Belle [260]

B(B—K%utu)
W%’ 1.0 < mgu_ < 6.0 G€V2/04 1
Belle [260)]

BB —»Koutu~)
B(B'—KJete) "’

1.1 <m2,, <6.0GeV2/c* LHCbH [320]

.
lzgs((%:i;g*))’ Full m7, - range Belle [260]

B(B—Kptu~)
B(BTZ*,;*)’ 1.0 < ngrE* < 6.0 GGVZ/C4 1

Belle [260]

1.00 7955 +£0.07

1.39 7535 £ 0.02

1.29 7092 £ 0.01

0.55 1035 £0.01

+0.20 +0.02
0.66 —0.14 —0.04

1.10 7048 £ 0.02

1.03103% £+ 0.01

1.00 702
1.39+£0.35

1.29 1352

0.55 1035

0.66 751

1.10 £0.16

1.03 02

L For the other bins see the article.
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Table 73: Relative branching fractions of B radiative and FCNC decays with leptons
(part 2).

Parameter Measurements Average
BUELKC)  Full m2,, range Belle [269]  0.834+0.17+0.08  0.83+0.19

B(B—K*ete™)

%(<B;—f§i’éi’;‘i-§ , 0.10 <mi,, <812 GeV?/c! and m7,,~ > 10.11 GeV?/c!
BaBar [207]  1.13%034 +0.10 1137958

BRI 0045 < - < 11 GeVa/e!
Belle [321]  0.52+936 4+ 0.06 0.52 +0:39

%, L1 <m?, <6.0GeV?/c!
Belle [321]  0.96 704 £ 0.11 0.96 5731

Hinear=y 15 < mi., <19 GeV?/c!
Belle [321] 1.18 1035 £0.11 1.18 1053

St 0.045 < m2, - < 1.1 GeV?/c!
Belle [321] 0.46 T052 +0.13 0.46 T95

B(BO K™ (892)0u* ) ¢ ¢ m2,- < 6.0 GeV?/c*

B(BY—K*(892)%te—)?
LHCb [319]  1.027 £9.972 +0.027

Belle [321] 1.06 —tggg +0.14 1.028 £ 0.074
At ) 15 < ml,, < 19 GeV?/c!
Belle [321] 1.1219%4 £0.10 1.121992

B(BO—K*(892)0¢ete)
LHCD [319]  0.927 +0:093 +0.036 0.927 + 0.097

A i) 0.045 < m2,,- < 1.1 GeV?/c!
Belle [321]  0.62%3%9 +0.09 0.62 7951

B(BT—K*(892)tutpu~) 1.1 < m%ﬁ < 6.0 Gev2/c4

B(BT—K*(892)tete )’
Belle [321] 0.727999 4+ 0.15 0.75:9

B(BT—K*(892)tutpu~) 15 < ngrZi <19 Gev2/c4

B(Bt+—K*(892)Tete™)
Belle [321] 1.40 7099 +0.12 1.4729

B(BT—K*(892)tutpu™) 0.045 < m?_M_ < 6.0 G€V2/C4

B(Bt—K*(892)Tete™)?
LHCb [320]  0.70 £0-18 £0.03 0.70 7018
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Table 74: Relative branching fractions of B radiative and FCNC decays with leptons

(part 3).
Parameter Measurements Average
B(B’ — K*(892)%y) LHCD [206]' 1.2340.06 +0.11 1914011
B(BY — ¢(1020)7) Belle [234]* 1.10 £0.16 +0.20 ’ '
B BO +
(B = 1 17) 4102 LHCb [230] <8.1 <81
B(B) — ptrp~)
B(B° — ¢(1020)u" )
1073 LHCD [284]> < 4.4 <4.4
B(BY = o020y 01 PO B
B(BY—rtr—utu~) [10_4]
B(BY—J/YK*O)xB(J/v—putu= ) xB(K*0—K+r—)
LHCD [215>* 4.14+1.0£0.3 4.14+1.0

! Multiple systematic uncertainties are added in quadrature.
2 ¢ and charmonium regions excluded from the dimuon spectrum.

3 The mass windows corresponding to ¢ and charmonium resonances decaying to

ppe are vetoed.
0.5 < Mgt < 1.3 GeV/c2

Table 75: Branching fractions of BT/B® — ¢q’ gluon decays.

Parameter [107%] Measurements

HFLAV

Average ., .

o BN T
s BESEE msusm
B(B— K*X)  BaBar [320]' <187 <19

B(B — K°X) BaBar [326]1  1.95 0 4+ 0.50 }.‘9955@?'69
B(B — " X) BaBar [326° 3.72 100 +0.59 3.72 % 0.76

+0.77
372 Zo.75

104 <my <26 GeV/c2.
221 <p, <2.7GeV/e
32.0<p*(n) < 2.7 GeV/e.
1 p*(K) < 2.34 GeV/c.

P p*(rT) < 2.36 GeV/e.
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Table 76: Isospin asymmetry in B mesons radiative and FCNC decays with leptons. In
some of the B-factory results it is assumed that B(Y(4S) — B*B~) = B(Y(4S) — B°BY),
and in others a measured value of the ratio of branching fractions is used. See original
papers for details. The averages quoted here are computed naively and should be treated

with caution.

Parameter Measurements Average LAV
Belle [327]%  —0.0048 + 0.0149 & 0.0150
Ao (B = Xs7) BaBar [328]? —0.006 & 0.058 4 0.026 —0.005£0.020
Ao- (B = Xeray) BaBar [291]> —0.06 4+ 0.15 £ 0.07 —0.06 4+ 0.17
, Belle [234]>  0.062 & 0.015 4 0.013
Aor(B = K) BaBar [235]  0.066 & 0.021 4 0.022 0.063 £ 0.017
DB oty Belle [274] —0.48 7525 008 —0.46 +0.17
20(B%—67) BaBar [252]  —0.43 7035 +0.10 —0.46+9:17
LHCb [262]° —0.10 7008 +0.02 0,191 0073
Ao (B — Kit()4 Belle [260]°  —0.31 7013 +£0.01 ) i
BaBar [207]° —0.41 4 0.25 & 0.01 0148 ~o.065
BaBar [297]° —0.20 7039 4+ 0.03 _p.0140u
Ag_(B — K*¢+¢-)*  Belle [269]°  0.33 1547 4+ 0.08 o —0.09
LHCb [262]>  0.00 7312 4+ 0.02 0o
_ Belle [269]7  —0.30 7012 4+0.08 —0.45+0.10
_ (%) p+p—)4 0.11
Bo-(B = KWEC)T g Bar P6I° —0.647015 + 0,03 o0
_\0
or(‘B o0y -T(BE—pty)e DBelle 0.109 +0-112 +0.078 0.11+0.14
1I ’2511T,10,2 . —0.117 —0.073 none

(=)
2I( B —p07)+T(BE—pty)

 Preliminary result.
Ymyx, < 2.8 GeV/c2.

2 Multiple systematic uncertainties are added in quadrature.

3 E,> 22 GeV.

4 The PDG uncertainty includes a scale factor.
® Only muons are used, 1.1 < m7,,- < 6.0 GeV?/c*.
61.0<m? . <6.0GeV?/ct

"mZ,,. <8.68 GeV?/ct.

80.1 <mf,. <7.02GeV?/ch
9 Isospin asymmetry with C P-average branching fractions.
10 Result obtained with a combination of Belle and Belle II datasets.
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Table 77: Branching fractions of semileptonic BT decays to LFV and LNV
final states (part 1).

Parameter [1079] Measurements Average HELAV
B(Bt — ntetu~+c.c.) BaBar [280] < 0.17 <0.17
B(BT — ntetr7) BaBar [329] < 74.0 <74
B(BT — nte 1) BaBar [329] < 20.0 <20
B(Bt — ntetr +c.c.) BaBar [329] < 75.0 <75
B(Bt — ntutr) BaBar [329] < 62.0 < 62
B(Bt — ntu~7T) BaBar [329] < 45.0 < 45
B(Bt — ntutr +c.c.) BaBar [329] < 72.0 <72
LHCD [330] < 0.0070
B(Bt — Ktetu™) Belle [260] < 0.03 < 0.007
BaBar [281] < 0.091
LHCb [330] < 0.0064
B(B* — K*e ) Belle 260] < 0.085 < 0.0064
BaBar [281] < 0.13
B(BT — Ktetu +c.c.) BaBar [281] < 0.091 < 0.091
B(B* — K*etr) BaBar [329] < 43.0 <43
. BaBar [329] < 15.0
+ +o— ot
B(BY = K¥er™) Belle [209] < 15.1 <15
B(BT — Ktetr +4c.c.) BaBar[329] < 30.0 < 30
) Belle 200] < 24.5 <2
+ + ot
BBY = Krp'r) BaBar [320] < 45.0 <45
Belle [209] <5.9 <59
B(Bt — Ktu~77) BaBar [329] < 28.0 28‘0
LHCb [331] < 39.0 ==
B(Bt — Ktutr +c.c.) BaBar [329] < 48.0 < 48

82



Table 78: Branching fractions of semileptonic B+ decays to LFV and LNV final

states (part 2).

Parameter [1079] Measurements Average HFLAV
B(BT — K*(892)Tetu™) BaBar [281] < 1.30 <13

B(B* — K*(892)"e i) BaBar [281] < 0.99 <0.99

B(BT — K*(892)tetu~+c.c.) BaBar [281] < 1.40 <14

B(Bt — nefet) BaBar [332] < 0.023 < 0.023

B(Bt — mutut) Iégg; |E333?;Ill i 8(1)84710 < 0.004

B(BT — netu') BaBar [334] < 0.15 <0.15

B(BY — p~(T70)e+e™) BaBar [334] <017  <0.17

B(Bt — p=(770)u* ™) BaBar [334] < 0.42 < 0.42

B(Bt — p=(770)etut) BaBar [334] < 0.47 < 0.47

LAt CL=95%.
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Table 79: Branching fractions of semileptonic BT decays to LFV and LNV

final states (part 3).

Parameter [1079] Measurements Average HELAV
B(B* — K etet) BaBar [332] < 0.030 < 0.030
. LHCb [335] < 0.041

+ +,,+
BIBY = K-p"p”) BaBar [332] <o0.067 04
B(B* — K—e*ty*) BaBar [334] <016  <0.16
B(B* — K*(802)"e*et)  BaBar [334] <040 < 0.40
B(B* — K*(892)~ptut) BaBar [334] <059 < 0.59
B(BT — K*(892)"etu™) BaBar [334] < 0.30 < 0.30
_ BaBar [334] < 2.6
+ +ot
B(B™ — D7etet) BELLE [336] < 2.6 <20
. BELLE [336] < L.8
+ +,,+
B(BT = D7e™pi) BaBar [334] < 2.1 <18
LHCb [337]' < 0.69
B(B+ — Dyt p*) BELLE [336] < 1.0 < 0.69
BaBar [334] < 1.7
B(B*+ — D*(2010)~u*u*) LHCb [337)' <24 <24
B(B* — Dyt p*) LHCb [337]! <058  <0.58
B(B* — D'rptut) LHCb [337]! <15 <15
B(B* — Au*) BaBar [283] <0061 0061
<0.060
B(B*+ — A%¢) BaBar [283] < 0.032 < 0.032
B(B* — Ayt BaBar [283] <0062 0002
<0.060
B(Bt — Aet) BaBar [283] <0081 V8l

<0.080

LAt CL=95%.
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Table 80: Branching fractions of semileptonic BY decays to LFV and LNV final

states.
Parameter [1079] Measurements Average HFLAV
LHCD [219]7 < 0.0057
B(B® s K*(892)% ") Belle 282] < 0.12 <00'2(£57
BaBar [281] < 0.34 <0
LHCb [219]" < 0.0068
B(B® — K*(892)%* ™) Belle [282] < 0.16 < 2'0068
BaBar [281] < 0.53 01000
LHCb [219]7 < 0.0101 < 0.010
B(B® — K*(892)% "~ +c.c.) Belle [282] <0.18 o
BaBar [281] < 0.58 =
_ Belle [260] < 0.038
0 0,+
B(B® — K%*p~+c.c.) BaBar 81 < 0.27 < 0.038
B(B" — 7%y~ +c.c.) BaBar [280] < 0.14 <0.14
LHCb [216] < 0.0010
. CDF [208] < 0.064
0 +
B(BY — ety +c.c.) BaBar B11] < 0.092 < 0.001
Belle [312] < 0.17
B(B® — K*(892)07* ") LHCb [338] <10 ;:LS
B(B® — K*(392)0r ") LHCb [338] < 8.2 <82
LHCb [218] <12 D
B(B® — 7%,7)! Belle [339] <15 1
BaBar [310] < 22.0 <t
Belle [339] < 16
0 + _F
B(B” = 77eT) BaBar [340] < 28.0 <16
B(B® — pu~) LHCb [220] < 0.0026  ~ O-0V20

none

 Preliminary result.
L' PDG shows the result obtained at 95% CL.
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Measurements that are not included in the tables (the definitions of observables can be found
in the corresponding experimental papers):

e In Ref. [341], LHCD reports the up-down asymmetries in bins of the K77y mass of the
BT — K*tn~ 7y decay.

e For the B — K¢~ (" analysis, partial branching fractions and angular observables in bins
of m?(¢*¢~) are also available:

— LHCb measures the differential branching fraction of BY — K™~ u*, B — K°u~pu*
and isospin asymmetries [262]

— CMS measurea the differential branching fraction of Bt — KT u~put [263].

— In Ref. [342|, LHCb measures the phase difference between the short- and long-
distance contributions to the B™ — K*u*u~ decay. The measurement is based on
the analysis of the dimuon mass distribution in the regions of the J/v¢ and 1(25)
resonances and far from their poles, to probe long and short distance effects, respec-
tively.

— In Ref. [343], CMS performs the study of the angular distribution of the B* —
K*putp~ channel and measures, in 7 m?(u*p~) bins, Apg and the contribution Fy
from the pseudoscalar, scalar and tensor amplitudes to the decay.

— LHCb measures Fy and Apg in 17 (5) bins of m?({T¢~) for the K+ (K?) final
state [344].

— Belle measures Fj, and Apg in 6 m?(¢147) [269].

e For the B — K*{~ (" analyses, partial branching fractions and angular observables in
bins of m?(¢T¢~) are also available:

— B - K* ¢t : LHCb reports Fy, A%, Alm ABe in the [0.0008,0.257] GeV/c!
bin of m?(¢T¢~) putting constraints on the B — K*’y photon polarization [345].
In Ref. [346], LHCb determines the branching fraction in the dilepton mass region
[0.0009, 1.0] GeV?/c,

— B — K*(~(" : Belle measures FJ,, App, isospin asymmetry in 6 m?({7¢~) bins |269]
and P, Pi, P}, P, in 4 m?({T(7) bins [347]. In a more recent paper [348|, they
report measurements of P, and P, separately for ¢ = y or e, in 4 m*(¢*¢~) bins and
in the region [1,6] GeV?/c!. The measurements use both B and BT decays. They
also measure the LFU observables Q; = P! — Pf, for i = 4,5. BABAR reports F7,
AFBa PQ ind m2(£+€*) bins ’349]

— BY — K*%~p* : LHCb measures Fy, Apg, S3 — So, A3 — Ay, P, — P, P; — P} in
8 m?(¢T¢~) bins [350]. An updated measurement of the CP-averaged observables is
presented in Ref. [351]. CMS measures Fy, and Appg in 7 m?(¢t4~) bins [352], as well
as Py, P} [353]. ATLAS measures Fp, S3 4578 and P] 545 in 6 m?*(£1£7) bins [354].

— Bt — K*tu~pt: LHCD reports the full set of CP-averaged angular observables in
8 m?(¢T¢~) bins [355]. CMS measures F;, and Appg in 3 m?(¢7¢~) bins [356].

— In Ref. [357,1358], LHCb performs an unbinned amplitude analysis extracting the

(

coefficients associated to short-distance physics effect (Cgf)lo Wilson coefficients) using
events in the bins [1,1,8.0] GeV%/ ¢! and [11.0,12.5] GeV?/c* of m?(£147) .
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— In Ref. [], LHCD determines the non-local contributions and the local ones (Wilson
coefficients Cé 10 and Cy,) in the m?(£T¢7) range [.1,18.0] GeV?/c* m?(¢+47).

— In Ref. |359], Belle reports on an angular analysis of the B — K*ete™ decay for
q* € (0.0008,1.1200) GeV?/c*, where the imaginary component of the transversality
amplitude is measured to be AF = —1.27 + 0.52 + 0.12, and the K* transverse

asymmetry to be A = 0.52 4 0.53 £ 0.11.

B — X (" (where X, is a hadronic system with an s quark): Belle measures Agp in
bins of m?(¢T¢~) with a sum of 10 exclusive final states [360].

BY — Ktr—putp~, with 1330 < m(K™n~) < 1530 GeV/c*: LHCDb measures the partial
branching fraction in bins of m?(u* ™) in the range [0.1,8.0] GeV?/c?, and reports angular
moments [361].

In Ref. [362], LHCb performs a search for a hidden-sector boson y decaying into two
muons in B — K*uTu~ decays. Results are given as function of mass and lifetime in
the range 214 < m(y) < 4350 MeV/c?and 0 < 7(x) < 1000 ps.

In Ref. [363], LHCb performs a search for a hypothetical new scalar particle y, assumed
to have a narrow width, through the decay BT — K*x(utp™) in the ranges of mass
250 < m(x) < 4700 MeV/c? and lifetime 0.1 < 7(x) < 1000 ps. Upper limits are given as
a function of m(y) and 7(x).

In Ref. [364] LHCD reports the differential branching fraction of A} — A(1520)u™p~ in
5 m(utp~) intervals in the range [0.1,17] GeV?/ct. Tt also reports the branching fraction
in the interval 1.1 < m?(u*u~) < 6 GeV?/c?.

In Ref. [365], Belle-II performs a search for long-lived spin-0 particles (S) in B-meson
decays mediated by a b — s quark transition. They set model-independent upper limits,
at the level of 1077, on the products of branching fractions B(B° — K*(892)OS) x B(S —
xtz7) and B(B* —> K*S) x B(S — xtx7), where xtz~ indicates ete™, ptp~, n7tn~,
or KTK~, as functions of the S mass and lifetime.

We do not perform the average of the branching fraction of B — ptu~ decays, which is
taken care of by the LHC Heavy Flavour Working Group [227], taking into account the
correlations between the B® — p*pu~ and B? — p*pu~ branching fractions. The latest
results from ATLAS, CMS and LHCD are in Refs. [228-230|, respectively.
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Figure 7: Branching fractions of B+ and B decays of the type b — s¢(~.
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Figure 8: Branching fractions of BT and B® decays of the type b — uf*¢~, purely leptonic and
leptonic radiative.
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Figure 9: Compilation of Rg) ratios in the low dilepton invariant-mass region. These are ratios
between branching fractions of B-meson decays to K™t~ and K®ete~, which provide
information on lepton universality.

89



2

BB ety +c.c.) 14—

BB® T ) 14 .

BB -T*e™) 14 |
BB* -K* e u*) ———
B(B* oK*etu~) {———

BB* »K*e*tu +c.c.) i

B(B* sK*te~1*) 1 1

BBt -Ktet1™) 14 i

BB* -K*e*t +c.c.) 1 {

BB* K u~1t*) 14 1

BBt -Ktutt) 14 i

BB* -K*utt +c.c.) 4 ,

B(B°»K%*u-+c.c.) 14 1

B(B-+Ke*pu™) 14 ,

BB* -K"(892)*e u*) 14 1

BB* »K'(892)*e*u~) 14 1

BB* -»K"(892)*e*u~+c.c.) 14 i

B(BY K" (892)% * -~ +c.c. ) ————

BB-K'e*u*®) 14 1

BB* -snte*u-+c.c.) 14 .

BB* »nte 1) 14 i

BB* »ntett ) 14 ,

BB*-snte*t +c.c.) 14 1

BB*-ntu-tt) 4 ,

BB*-n*tu*tt) 14 |

BB*-ntutt+c.c) 14 1

BB°-nle*u~+c.c.) 14 {

B(B-me*u~) ¢ 1

BB-pe*u*) 14 1

BB =AFu~) 14 1

BB =Afe) 14 1

T T T T T T
107 1078 1077 107 107* 1074

Figure 10: Limits on branching fractions of lepton-flavour-violating B* and B° decays.
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Figure 12: Branching fractions of charmless B decays with neutrinos.

7 CP asymmetries in b-hadron decays

This section contains, in Tables [81] to [99] compilations of CP asymmetries in decays of various
b-hadrons: BT, B® mesons, B*/B® admixtures, B? mesons and finally A) baryons. The CP
asymmetry is defined as

N, — N;
= =2, (1)

where N, (V) is the number of hadrons containing a b (b) quark decaying into a specific final
state (the CP-conjugate state). This definition is consistent with that of Eq. (??) in Sec. 77.
In most cases, measurements of time-dependent CP asymmetries are not listed here but are
discussed in Sec. ?? for BY mesons and in Sec. 7?7 for B? mesons. Figure [13|shows a graphic
representation of a selection of results given in this section.

Acp
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Table 81: CP asymmetries of charmless hadronic B* decays (part 1).

Parameter Measurements Average
Belle [5] —0.011 £ 0.021 + 0.006
LHCD [9] —0.022 £ 0.025 + 0.010
Acp(Bt — Kgn) Belle 1T |6] —0.05 4 0.03 4 0.01 —0.023 £0.014
BaBar [7] —0.029 % 0.039 + 0.010
CLEO [366]  0.18 +0.24 = 0.02
LHCb [367)'  0.025 4 0.015 + 0.007
Belle [5] 0.043 4 0.024 £ 0.002
Acp(Bt — K*7°) Belle IT [6]  0.01 £ 0.03 +0.01 0.027 4 0.012
BaBar [10]  0.030 = 0.039 + 0.010
CLEO [366]  —0.29 +0.23 4+ 0.02
LHCb [16]'  —0.002 £ 0.012 = 0.006
BaBar [11]  0.008 73917 4 0.009
+ o 0.018
Ace (BT = 1K) Belle [12] 0.028 4 0.028 £ 0.021 0.0040.011
CLEO [366]  0.03 £ 0.12 % 0.02
Acp(BT — 1/ K*(892)")  BaBar [17]  —0.26 & 0.27 £ 0.02 —0.26 +0.27
Acp(BY — 1/ (Km)§h) BaBar [17]  0.06 % 0.20 = 0.02 0.06 4 0.20
Acp(Bt — 7/ K3(1430)") BaBar [17]  0.15 4 0.13 +0.02 0.15+0.13
BaBar [11]  —0.36 £0.11 +0.03
+ + —
Ace(BT = nK™) Belle [19] —0.38 +0.11 £ 0.01 0.37+0.08
BaBar [20]  0.01 % 0.08 = 0.02
+ * +
Ace(BT = 0K (892)7) e ] 0.03 £ 0.10 £ 0.01 0.02=0.05
Acp(Bt — n(Kn)ih) BaBar [20]  0.05 £ 0.13 +0.02 0.050 =+ 0.093
Acp(BT — nK3(1430)1)  BaBar [20]  —0.45 & 0.30 £ 0.02 —0.45 +0.21

! Multiple systematic uncertainties are added in quadrature.
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Table 82: CP asymmetries of charmless hadronic Bt decays (part 2).

Parameter Measurements Average
PTTHSYCRN N s
Acp(Bt — w(782)K*(892)")  BaBar |27] 0.29 £0.35 £ 0.02 0.29 £0.35
Acp(Bt — w(782)(K7)5t) BaBar [27] —0.10 £ 0.09 £ 0.02 —0.10 £ 0.09
Acp(BT — w(782)K;(1430)*) BaBar [27]  0.14 £0.15 +0.02 0.14 £0.15

BaBar [29]2  0.032 4 0.052 T5-91¢
Acp(Bt — K*(892)°7) Belle [30]2  —0.149 +0.064 £0.022  —0.04 4 0.04
BaBar [31]>2 —0.1240.21 5%

BaBar [31]*? —0.52 4 0.14 1065

BaBar [32]  —0.06 + 0.24 + 0.04 —0.3940.13

140})(3Jr — K*(892)+7T0)
LHCD [368]>62 0.011 = 0.002 £ 0.004
LHCD [369]™2 0.025 4= 0.004 & 0.008

Acp(Bt — K+’/T+7T_>4 BaBar [29]'2  0.028 £ 0.020 4 0.023 0.0146 4 0.0041
Belle [(30]°  0.049 = 0.026 = 0.020
Belle IT [34]"  —0.010 = 0.050 = 0.021

Acp(B* — K*K+K~(NR))  BaBar [23]°  0.060 % 0.044 + 0.019 0.06 = 0.05

 Preliminary result.

! Result extracted from Dalitz-plot analysis of BT — K*ntn~ decays.

2 Multiple systematic uncertainties are added in quadrature.

3 Result extracted from Dalitz-plot analysis of BT — K2nt7" decays.

4 Treatment of charmonium intermediate components differs between the results.

5 Using run II dataset, corresponding to an integrated luminosity of 5.9 fb™* collected at a
center-of-mass energy of 13 TeV (2015 to 2018).

6 Also measured in several invariant mass regions.

7 Using run I dataset, corresponding to an integrated luminosity of 3.0 fb™! collected at a
center-of-mass energy of 7 TeV (2011) and 8 TeV (2012).

8 The nonresonant amplitude is modelled using a polynomial function including S-wave and
P-wave terms.
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Table 83: CP asymmetries of charmless hadronic Bt decays (part 3).

Parameter Measurements Average
BaBar [29]"2 —0.106 £ 0.050 7902
ot gy B OIS —omson
BaBar [32]  0.18 £0.18 £ 0.04
Acp(B* — f,(1270)K) Eiﬁﬁ;&?g ’ :8:23 i 833 i&g@o L 06T£019
Acp(BT — f5(1525)K) BaBar [23]>  0.14 +0.10 + 0.04 0.14 4 0.11
Acp(B* = (TT0)K+) g:ﬁeﬁ?”gﬁg ? 8:;‘3 i 81(1) %%% 0.37 + 0.12
Acp(Bt — Kortn0) BaBar [31]*?  0.07 +0.05 & 0.04 0.07 4 0.06
Acp(BY — K7(1430)01) EZ%;B’O?J;I; 8:?17165091'83%53833 0.084 = 0.043
Acp(BT — (Km)07) BaBar [29]'?  0.032 4 0.035 T0-93¢ 0.032 £ 0.046
Acp(Bt — K;(1430)*7°) BaBar [31]%* 0.26 4 0.12 7044 0.26 £01%
Acp(BT — K3(1430)07) BaBar [29]'2 0.05 4+ 0.23 7918 0.05 033
Acp(Bt — Ktn0n0) BaBar [32]  —0.06 £ 0.06 + 0.04 —0.06 4 0.07
Acp(Bt — p*(T70)K°) BaBar [31]*? 0.21 +£0.19 32 0.21 1934
Acp(BT — K*(892)*ntx~)  BaBar [43]  0.0740.07 £ 0.04 0.07 +0.08
Acp(BT — K*(892)*p°(770)) BaBar [44]  0.31£0.13£0.03 0.3140.13
Acp(BT — fo(980)K*(892)%) BaBar [44]  —0.1540.1240.03 —0.15£0.12
Acp(BT — Xpop0m™) Belle [79]° 0.182+0.116 £0.007  0.18 £0.12

! Result extracted from Dalitz-plot analysis of BT — KTnTr~ decays.

2 Multiple systematic uncertainties are added in quadrature.

3 Result extracted from Dalitz-plot analysis of B* — KT K+ K~ decays.

* Result extracted from Dalitz-plot analysis of BT — K3nt7? decays.

® X000 corresponds to a structure observed in Ref. [79], likely arising due to multiple
resonances.
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Table 84: CP asymmetries of charmless hadronic B™ decays (part 4).

Parameter Measurements Average
Acp(Bt — a1(1260)" K°) BaBar [45] 0.12 4 0.11 4 0.02 0.1240.11
Acp(Bt — b1(1235)" K©) BaBar [49]  —0.03 £0.15 +0.02 —0.03 £ 0.15
Acp(Bt — K*(892)°p*(770)) BaBar [46]  —0.01 £ 0.16 4 0.02 —0.01 £0.16
Acp(Bt — by(1235)°K ) BaBar [53]  —0.46 £ 0.20 + 0.02 —0.46 + 0.20
LHCD [9] —0.21 +0.14 £ 0.01
Acp(BT — K1KY) Belle [5] 0.014 £ 0.168 % 0.002 —0.086 £ 0.100
BaBar [7] 0.10 & 0.26 & 0.03
Belle [51]? 0.016 4 0.039 & 0.009
+ + 770 1701
Ace (BT = KT KsKy) BaBar [23]°  0.04 7552 +0.02 0.025 £ 0.032
LHCb [368]*>¢ —0.114 4 0.007 = 0.004
_ LHCb [369]™6 —0.123 4 0.017 £ 0.014
+ + +\1 —
Acp(BT = KT K7™) Belle [55]3 —0.170 4 0.073 + 0.017 0-1151 = 0.0076
BaBar [56]  0.00 +0.10 +0.03
Acp(Bt — KTK-7t(NR))  LHCb [57]°  —0.10740.053+0.035  —0.107 & 0.064
Acp(Bt — K (892)°K ™) LHCbH [57]'°  0.123 4 0.087 #+ 0.045 0.123 4 0.098
Acp(B* — K, (1430)°K) LHCb [57]*°  0.104 4 0.149 4 0.088 0.10 4 0.17
Acp(B* — ¢(1020)7+) LHCbH [57]*°  0.098 4 0.436 + 0.266 0.10 % 0.51
‘ Acp(BT — KTK~7t) nm +» KK rescattering
LHCH [57]"  —0.664 +0.038 £0.019  —0.664 + 0.042

! Treatment of charmonium intermediate components differs between the results.
2 Acp is also measured in bins of m KOKY

3 Result extracted from Dalitz-plot analysis of B® — KQK ™K~ decays.
4 Using run II dataset, corresponding to an integrated luminosity of 5.9 fb™!

center-of-mass energy of 13 TeV (2015 to 2018).
% Also measured in several invariant mass regions.
6 Multiple systematic uncertainties are added in quadrature.

7 Using run I dataset, corresponding to an integrated luminosity of 3.0 fb™*

center-of-mass energy of 7 TeV (2011) and 8 TeV (2012).
8 Also measured in bins of m g+ g-.
9 LHCDb uses a model of nonresonant obtained from a phenomenological description of the

partonic interaction that produces the final state. This contribution is called single pole in

the paper, see Ref. [57] for details.

10 Result extracted from Dalitz-plot analysis of BT
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Table 85: CP asymmetries of charmless hadronic Bt decays (part 5).

Parameter Measurements Average

LHCD [368]"*3 —0.037 & 0.002 + 0.004
LHCD [369]** —0.036 & 0.004 + 0.007

Ace(BT = KTKTK™) BaBar [23]°  —0.017 3919 £0.014 0036 0.004
Belle TT [34]7  —0.103 & 0.042 + 0.020
LHCb [16]**  0.017 4 0.011 + 0.006
Acp(B* — (1020) K+) gzﬁea%l%gp D DO DO ek 0.012
CDF |[64] —0.07 £0.17 7503
Acp(BT — K*(892)*K*K~)  BaBar [43]  0.11 +0.08 +0.03 0.1140.09
dents — otomyrcmnyy Bl BE BRGS0 g
Acp(Bt — (K7)5"$(1020)) BaBar [68]  0.04 +£0.15+0.04 0.04 4+ 0.16
Acp(BT — K,(1270)*$(1020)) BaBar [68]  0.15+0.19 + 0.05 0.1540.20
Acp(BT — K3(1430)*$(1020)) BaBar [68] —0.23 £ 0.19 4 0.06 —0.23 £ 0.20
Acp(B* — ¢(1020)¢(1020)K*) BaBar [70]7  —0.10 4 0.08 4 0.02 —0.10 £ 0.08

 Preliminary result.

! Using run II dataset, corresponding to an integrated luminosity of 5.9 fb™* collected at a
center-of-mass energy of 13 TeV (2015 to 2018).

2 Also measured in several invariant mass regions.

3 Multiple systematic uncertainties are added in quadrature.

4 Using run I dataset, corresponding to an integrated luminosity of 3.0 fb™' collected at a
center-of-mass energy of 7 TeV (2011) and 8 TeV (2012).

® Result extracted from Dalitz-plot analysis of B* — KTK+TK~ decays.

¢ Combination of two final states of the K*(892)*, K27% and K*r° In addition to the
combined results, the paper reports separately the results for each individual final state.

" Measured in the ¢¢ invariant mass range below the 7. resonance (mgs < 2.85 GeV/c?).
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Table 86: CP asymmetries of charmless hadronic Bt decays (part 6).

Parameter Measurements Average
Belle [234]  0.011 & 0.023 =+ 0.003
+ * +
Ace(BT = K*(892)") o [235]  0.018 £ 0.028 & 0.007 0.014 £0.018
Belle [234]'  0.010 & 0.036 + 0.003
+ +.0
Ace(B" = K'my) BaBar [235)2  0.040 & 0.039 4 0.007 0.024 £ 0.027
Belle [234]"  0.013 & 0.029 + 0.004
+ 0+
Ace (BT = Ke') BaBar [235]2 —0.006 4+ 0.041+0.007 00070024
Acp(B* — Xy) Belle [327)°  0.0275+0.0184 £ 0.0032  0.028 & 0.019
Belle 241]*  —0.16 4 0.09 & 0.06
+ + _
Ace(BT = nK™) BaBar [240]° —0.090 79404 + 0.014 0.12£0.07
Belle [244]°  —0.03 4+ 0.11 & 0.08
+ + —
Ace(BT = ¢(1020)K79)  gpar pas]”  —0.26 + 0.14 + 0.05 0-13=0.10
Acp(BT — p(770)7) Belle 11 [251]1® —0.082 4 0.152 T5:91§ —0.08 £ 0.15

 Preliminary result.
Umgr < 2.0 GeV/c2

20.79 < mgr < 1.0 GeV/c2

Smyx, < 2.8 GeV/c2
Y gy < 2.4 GeV /A
> M0 < 3.25 GeV/cz.

614< EZ <34 GeV/c?, where E7 is the photon energy in the center-of-mass frame.

" myr < 3.0 GeV/c?.
8 Result obtained with a combination of Belle and Belle II datasets.
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Table 87: CP asymmetries of charmless hadronic B decays (part 7).

Parameter Measurements Average
Belle |5 0.025 £ 0.043 £ 0.007

Acp(BT — ntr0) Belle II |6] —0.08 £0.05+0.01 —0.01 £0.03
BaBar |10 0.03 £ 0.08 £ 0.01

Acp(Bt — ntrta=)!
Acp(BT — p2(770)77T)
ACP(B+ — f2(1270)7r+)

Acp(B* = p(1450)°7+)

Acp Bt — p3(1690)0ﬂ'+)

(
AACP(BJr — f0(1370)7['+)
Acp(BT — ntrtn™), S — wave
(

Acp(Bt — ntntn—(NR))

Acp(BF — pH(770)70)

LHCb [368]234 0.080 = 0.004 = 0.004
LHCb [369/54 0.058 = 0.008 + 0.011

BaBar [75%*  0.032 4 0.044 70030
IE;EE;A 0.007 & 0.011 + 0.040
BaBar [75/64  0.18 + 0.07 7%

LHCD [76]%7* 0.468 4+ 0.061 & 0.103
LHCb [57]®  0.267 4+ 0.102 & 0.048
BaBar [75/%* 0.41 +0.25 1318

LHCb [76/5™% —0.129 + 0.033 + 0.421
LHCb [57]®  —0.109 4 0.044 + 0.024
BaBar [75/%*  —0.06 & 0.28 1323
LHCb [76]57* —0.801 4+ 0.114 £ 0.511
BaBar |75/ 0.72 £0.15 £ 0.16
LHCD [76]57* 0.144 4 0.018 & 0.026
BaBar [75/%*  —0.14 £0.14 T8
BaBar [81] —0.01 4 0.13 4+ 0.02
Belle [79] 0.080 # 0.150 F9:022

0.0764 £ 0.0054

0.016 70535

0.365 £ 0.079

—0.109 £ 0.049

—0.80 £ 0.52
0.72 £0.22
0.144 + 0.032

—0.14 152

0.03 +£0.10

! Treatment of charmonium intermediate components differs between the results.

2 Using run II dataset, corresponding to an integrated luminosity of 5.9 fb™" collected at a
center-of-mass energy of 13 TeV (2015 to 2018).

3 Also measured in several invariant mass regions.

4 Multiple systematic uncertainties are added in quadrature.

5 Using run I dataset, corresponding to an integrated luminosity of 3.0 fb™' collected at a
center-of-mass energy of 7 TeV (2011) and 8 TeV (2012).

6 Result extracted from Dalitz-plot analysis of BT — 777 t7~ decays.

" This analysis uses three different approaches: isobar, K-matrix and quasi-model-independent,

to describe the S-wave component. The Acp results are taken from the isobar model with
an additional error accounting for the different S-wave methods as reported in Appendix D

of Ref. |78].

8 Result extracted from Dalitz-plot analysis of Bt — KTK~n* decays.
9 The nonresonant amplitude is modelled using a sum of exponential functions.
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Table 83: CP asymmetries of charmless hadronic B decays (part 8).

Parameter Measurements Average
BaBar [82]  —0.054 = 0.055 £ 0.010
Acp(B* — p*(770)°(770))  Belle II [83]F  —0.069 £ 0.068 £ 0.060  —0.056 % 0.047
Belle [84 0.00 £ 0.22 = 0.03
LHCb [76]123 —0.048 = 0.065 = 0.049
BaBar [25]  —0.02 4 0.08 £ 0.01
+ + ) —
Ace (BT = w(782)77) Belle [36 —0.02 £ 0.09 = 0.01 0.041:£0.048
CLEO [366]  —0.34 4 0.25 = 0.02
Acp(B* — w(782)p*(770))  BaBar [27]  —0.20 £ 0.09 £ 0.02 —0.20 £ 0.09
Acp(B* — m+a'70) Belle [79 0.002 £ 0.068 £ 0.007  0.092 % 0.068
Belle [19 —0.19 £ 0.06 = 0.01
+ + ) —
Ace (BT = ™) BaBar [11]  —0.03 = 0.09 £ 0.03 0-14£0.05
BaBar [87]  0.13 4+ 0.11 £ 0.02
+ + )
Ace (BT = np™(T70)) Belle [21 —0.04 793 +0.01 0.11+0.11
BaBar [11]  0.03 £ 0.17 £ 0.02
+ I+ )
Ace (BT = /") Belle [12 0.20 *037 + 0.04 0.06£0.15
Acp(B* — 0/ p*(770)) BaBar [17]  0.26 4+ 0.17 = 0.02 0.26 +0.17
Acp(B* — b,(1235)°7+)  BaBar [53]  0.05 £ 0.16 = 0.02 0.05 + 0.16

 Preliminary result.

! Result extracted from Dalitz-plot analysis of BT — 7777~ decays.
2 This analysis uses three different approaches:

isobar, K-matrix and quasi-model-

independent, to describe the S-wave component. The Acp results are taken from the
isobar model with an additional error accounting for the different S-wave methods as
reported in Appendix D of Ref. [78].
3 Multiple systematic uncertainties are added in quadrature.
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Table 89: CP asymmetries of charmless hadronic B decays (part 9).

Parameter Measurements Average
Acp(Bt — pprt) BaBar [158]  0.04 £ 0.07 +0.04 0.04 £ 0.08
| Acp(B* — pprt), my; < 2.85 GeV /c?
LHCD [159]  —0.041 £ 0.039 & 0.005
Belle [157| —0.17 £0.10 4 0.02 —0.058 £ 0.037

| Acp(B* — ppE ), my; < 2.85 GeV /c?
LHCD [159]  0.021 4 0.020 + 0.004
Belle [157] —0.02 £ 0.05 £ 0.02 0.007 £ 0.019
BaBar [162]  —0.16 7507 +0.04

BaBar [158]  0.32 4 0.13 + 0.05

+ — T +\1
Ace(BT = pPET(892)")" pone [iga] —0.01 £ 0.19 £ 0.02 021011
Acp(B* — pA'v) Belle 167 0.17 +0.16 & 0.05 0.17 £0.17
Acp(Bt — pA'n?) Belle 167 0.01 4+ 0.17 4 0.04 0.01 +£0.17

! Treatment of charmonium intermediate components differs between the results.

Table 90: CP asymmetries of charmless hadronic Bt decays (part 10).

Parameter Measurements Average

Belle 269 0.04 £0.10 £0.02

+ +p+p—
Acp(BY — KHLHT) BaBar [297]  —0.03 4 0.14 +0.01 0.02+0.08
Acp(Bt — Ktete) Belle [269] 0.14 4 0.14 + 0.03 0.14 4 0.14
_ LHCb [371]"% 0.012 % 0.017 = 0.001

+ +,,+ ;
Ace (BT = Kt p”) Belle 2697  —0.05 4 0.13 & 0.03 0.011 £ 0.017
Acp(Bt — wtptp”) LHCb [257]  —0.11+0.1240.01 —0.1140.12

Belle [269! —0.13 1916 £ 0.01

+ * +p+ - ) ~0.16 _
Ace(BY = KXS92)°0°7) g parpol] 001492 4 .02 0.09=0.14
Acp(BY — K*(892)*ete™)  Belle [269) —0.14 7533 4-0.02 —0.14 +£0.23
Acp(Bt — K*(892)*ptp~)  Belle [269 —0.12 4+ 0.24 £ 0.02 —0.12+0.24

L' Acp is also measured in bins of Myt -
2 Mass regions corresponding to ¢, J/v¢ and 1(2S5) are vetoed.
3 Mass regions corresponding to J/1 and 1(2S) are vetoed.
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Table 91: CP asymmetries of charmless hadronic B® decays (part 1).

Parameter Measurements Average
BaBar [98| 0.43 +0.26 £+ 0.05
Acp(B® — 7%70) Belle [138| 0.14 £0.36 £ 0.10 0.30 +0.20

Belle 1T [139]

0.14 £0.46 £ 0.07

LHCb [372]'  —0.0831 + 0.0034
CDF [373]  —0.083 = 0.013 = 0.004
Acp(BY = Kt77) Belle [5] —0.069 +0.014 £ 0.007  —0.0831 % 0.0031
BaBar [98]  —0.107 £ 0.016 75:50¢
Belle IT [6]  —0.07 = 0.02 = 0.01
Acp(B® — K°n°) Belle II [6]2  —0.01 £ 0.12 £ 0.04 —0.01 £0.13
BaBar [17]  0.02+0.23 £ 0.02
0 ! T * 0 _
Ace (B = 1 K*(892)%) Belle [100] ~ —0.22 £ 0.29 % 0.07 0.07+0.18
Acp(B° — 1 (K7)0) BaBar [17]  —0.19 £ 0.17 £ 0.02 —0.19 £ 0.17
Acp(B® — 1/ K3(1430)°) BaBar [17]  0.14 = 0.18 £ 0.02 0.14 4 0.18
BaBar [20]  0.21 = 0.06 = 0.02
0 * 0
Ace (B = nf (892)7) Belle 1] 0.17+0.08 %+ 0.01 0-20£0.04
Acp(B® — n(Km)y°) BaBar [20]  0.06 = 0.13 £ 0.02 0.060 £ 0.093
Acp(B® — nK;(1430)°) BaBar [20]  —0.07 £ 0.19 £ 0.02 —0.07 £ 0.14
Acp(B® — b,(1235)"K) BaBar [53]  —0.07 £ 0.12 £ 0.02 —0.07 £ 0.12
Acp(B® — w(782)K*(892)°)  BaBar [27]  0.45 £ 0.25 £ 0.02 0.45 £ 0.25
Acp(B® — w(782)(K7):%)  BaBar [27]  —0.07 £ 0.09 £ 0.02 —0.07 £ 0.09
Acp(B® — w(782)K3(1430)°) BaBar [27]  —0.37 £ 0.17 £ 0.02 —0.37 £0.17

L LHCD combines results of the 1.9 fb~! run 2 data analysis with those based on Run 1 dataset
[374]. The full statistical and systematic covariance matrices are used in the combination.

2 Combination of time-integrated and time-dependent analyses using the best linear unbiased
estimator Ref. [101].

102



Table 92: CP asymmetries of charmless hadronic B® decays (part 2).

Parameter Measurements Average
BaBar [106]"  —0.030 7002 4+ 0.055
Acp(B? — Ktr— ) Belle II [34]T  0.207 £ 0.088 & 0.011 0.06 + 0.05

Belle [105]  0.07+0.11 4 0.01
BaBar [104]'  0.20 & 0.09 4 0.08

Acp(B® = p=(TIO)K*) oo (105 0,22 +022 +008 0.20 £0.11

Acp(B° — p(1450)~K+)  BaBar [104]' —0.10 £ 0.32 £ 0.09 —0.10£0.33

Acp(B° — p(1700)"K*+)  BaBar [104]' —0.36 & 0.57 £0.23 —0.36 £ 0.61

Acp(B° — K*tr~7°(NR)) BaBar [104]> 0.10 £ 0.16 & 0.08 0.10 +0.18

Acp(B® — KO7t77) BaBar [107]> —0.01 4 0.05 %+ 0.01 —0.01 £ 0.05
LHCD [112]3* —0.308 + 0.060 % 0.016

Acp(B° - K*(302)n-) BaBar [107]** —0.21 4 0.10 % 0.02 09744 0.045

BaBar [104]! —0.29 +0.11 £ 0.02
Belle [375]° —0.21 £0.11 £0.07

LHCb [112]34 —0.032 4 0.047 + 0.031
Acp(B® = (Km)5tr) BaBar [107]>* 0.09 & 0.07 4 0.03 0.017 4 0.043
BaBar [104]'  0.07 & 0.14 4 0.01

Acp(B® — K3(1430)*7~) LHCD [112>* —0.29 4+ 0.22 & 0.09 —0.29 +0.24
Acp(BY — K*(1680)*7~) LHCb [112** —0.07 £ 0.13 £ 0.04 —0.07+£0.13
Acp(B® = f5(980)K%)°  LHCD [112]>* 0.28 +0.27 + 0.15 0.28 + 0.31

Acp(B® = (K7)07°) BaBar [104]!  —0.15 4 0.10 = 0.04 —0.15+0.11
Acp(BY — K*(892)°7%)  BaBar [104]' —0.15+0.12 £ 0.04 —0.15 + 0.13

' Preliminary result.

! Result extracted from Dalitz-plot analysis of BY — K7~ 7% decays.

2 The nonresonant amplitude is taken to be constant across the Dalitz plane.

3 Result extracted from Dalitz-plot analysis of B — K3nt7~ decays.

4 Multiple systematic uncertainties are added in quadrature.

® The official HFLAV average includes results from time-dependent analyses and is given
in the section Measurements related to Unitarity Triangle angles.
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Table 93: CP asymmetries of charmless hadronic B® decays (part 3).

Parameter Measurements Average
Acp(B® — K*(892)7t7™) BaBar [116]  0.07 £ 0.04 +0.03 0.07 £ 0.05
Acp(B® — K*(892)°0°(770))  BaBar [117]  —0.06 & 0.09 + 0.02 —0.06 £ 0.09
Acp(B® — f5(980)K*(892)°)  BaBar [117]  0.07 4+ 0.10 4 0.02 0.07 +0.10
Acp(B® — K*(892)Tp~(770)) BaBar [117]  0.21 +0.15 £ 0.02 0.21 +0.15
Acp(B® — K*(892)°KTK™) BaBar [116]  0.01 £ 0.05 + 0.02 0.01 £0.05
Acp(B® — a1(1260)" K ™) BaBar [45] —0.16 +0.12 £+ 0.01 —0.16 +0.12
Belle [128] —0.007 £ 0.048 4+ 0.021
0 * 0 —
Ace (B = ¢(1020)K*(892)°) ) [127]  0.0140.06 & 0.03 0-001 = 0.041
Acp(B® — K*(892)7TK™) BaBar [116]  0.22 £0.33 +0.20 0.22 +0.39
Belle [128] 0.093 +0.094 £+ 0.017
0 *0
Ace (B = (Km)g'¢(1020) - popa[27] 0.20 4 0.14 4 0.06 0123 £ 0.081
BaBar [127] —0.08 £0.12 +0.05
0 * 0 _
Acp(B® — K35(1430)°¢(1020)) Belle [125] 0,155 0132 4 (033 0.112 £ 0.099

Table 94: CP asymmetries of charmless hadronic B® decays (part 4).

Parameter Measurements Average
LHCb [206]  0.008 4+ 0.017 £ 0.009
Acp(B® — K*(892)%)  Belle [234] —0.013 £ 0.017 £ 0.004 —0.006 £ 0.011
BaBar [235]  —0.016 £ 0.022 + 0.007
_ Belle [234]* —0.013 £ 0.017 £ 0.004
0 + _
Ace(B" = Ktm™y) BaBar [235]2  —0.016 + 0.022 + 0.007 0.014 £ 0.014
Acp(B® — K3;(1430)%y) BaBar [248]  —0.08 +0.15+ 0.01 —0.08 £0.15
Acp(BY = Xv) Belle 3273 —0.0094 + 0.0174 + 0.0047  —0.009 £ 0.018

Umigr < 2.0 GeV/c2

20.78 < mpyr < 1.1 GeV/c2.

Smx, < 2.8 GeV/c%
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Table 95: CP asymmetries of charmless hadronic BY decays (part 5).

Parameter Measurements Average
Acp(B® — b;(1235) "7 +c.c.) BaBar [53] —0.05+0.10 £ 0.02 —0.05£0.10
_ BaBar [158]  0.11 = 0.13 4 0.06
0 * 0\1
Ace(B” — ppK*(892)°) Belle [164]  —0.08 & 0.20 = 0.02 0.05+0.12
0 —0 BaBar [177]  —0.10 4+ 0.10 + 0.02 _
Ace(B” = pAim) Belle [167]  —0.02 £ 0.10 = 0.03 0.06+0.07
) Belle [269]  —0.08 & 0.12 = 0.02
0 * 0p+ —
Ace(BY = KXS92°0°07) pipar P61 0.02 £ 0.20 + 0.02 0.05=0.10
Acp(B® — K*(892)%%e~)  Belle 269]  —0.21 = 0.19 % 0.02 —0.21+0.19
2,3
Aep(BY s K (s02)0t ) LHCD BT —0.085£0.024£0003 0y o 0o

Belle [269]* 0.00£0.15£0.03

! Treatment of charmonium intermediate components differs between the results.
2 Acp is also measured in bins of m+,-

3 Mass regions corresponding to ¢, J/v¢» and (2S) are vetoed.
4 Mass regions corresponding to .J/1 and ¢(2S5) are vetoed.
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Table 96: CP asymmetries of charmless hadronic decays of B*/B® admixture.

Parameter Measurements Average
) Belle [234] —0.004 £ 0.014 £ 0.003
Ace(B = K*) BaBar [235]  —0.003 £ 0.017 4 0.007 —0-004£0.011
Belle [327]'  0.0144 4 0.0128 + 0.0011
Acp(B — X7) BaBar [376]> 0.017 £ 0.019 £ 0.010 0.015£0.011
Belle [377)*  0.022 = 0.039 + 0.009
Ace(B = Xota)  paBar [286]*  0.057 £ 0.060 & 0.018 0.032 £ 0.034
Acp(B — X, 0t07)  BaBar [293]  0.04 £0.11 4 0.01 0.04 +0.11
Acp(B — K*ete™)  Belle [269) —0.18 £ 0.15 £ 0.01 —0.18+0.15
Acp(B — K*ptp~)  Belle [269)] —0.03 +0.13 £ 0.02 —0.0340.13
. Belle [269) —0.10 4+ 0.10 £ 0.01
* )+ _
Ace(B = KX0) - pipar o07] 0,03 +0.13 + 0.01 0.0540.08
Acp(B — X,n) Belle [322]°  —0.13 4 0.04 1002 —0.13 1001
Acp(B — K¢t¢~)  BaBar [297] —0.03 £0.14 £ 0.01 —0.03 4 0.14

Umy, < 2.8 GeV/c2

20.6 <mx, <2.0 GeV/c%

3 EZ > 2.1 GeV where E7 is the photon energy in the center-of-mass frame.
121< E7 < 2.8 GeV where E7 is the photon energy in the center-of-mass frame.
204 <myx <26 GeV/c?

Table 97: CP asymmetries of charmless hadronic B? decays.

Parameter Measurements Average

~ LHCH 3727 0.225 £ 0.012
0 +
Acp(BS = 7 K7)  opp 7] 0224 0.07 £0.02 0225 +0012

L LHCDb combines results of the 1.9 fb~! run 2 data analysis with those
based on Run 1 dataset [374]. The full statistical and systematic covari-
ance matrices are used in the combination.
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Table 98: CP asymmetries of charmless hadronic A decays.

Parameter Measurements Average

A orm)  CoRGR]  amesooraons | ~UOBE00
o) B 0000
Acp(AQ — pK'77) LHCb [109]  0.22+£0.13 £0.03 0.22 4 0.13
Acp(A) — A°K*7~) LHCb [186] —0.53£0.23 £0.11 —0.53£0.25
Acp(A) - A°KTK~) LHCb [186] —0.28 £0.10 £ 0.07 —0.28 £0.12

Table 99: CP asymmetries of charmless hadronic =) decays.

Parameter Measurements Average

Acp(Z, — 2(1385)°K~) LHCbD [189) —0.01 £0.24 +£0.32 —0.01 £0.40
Acp(Z, — A(1405)K~)  LHCb [189] —0.27£0.34£0.73 —0.27 £ 0.81
Acp(Z, — A(1520)K~)  LHCb [189] —0.05£0.09 £ 0.08 —0.05£0.12

Acp(Z; — A(1670)K~)  LHCb [189]  0.03 £ 0.14 + 0.10 0.0340.17
Acp(Z; — X2(1775)K~)  LHCb [189] —047+0.26+£0.14  —0.47 4 0.30

Acp(Z; — 2(1915)K-)  LHCb [189]  0.11 + 0.26 + 0.22 0.11 +0.34

Measurements that are not included in the tables (the definitions of observables can be found
in the corresponding experimental papers):

e In Ref. [379], LHCb reports the triple-product asymmetries (ag;"dd, a}T;_Odd) for the decays

A — prrtr and A) —» pr KTK ™.
e In Ref. [380], LHCb reports ag;‘)dd, P A(Acp) = Acp(A) — pKptp™) —
Acp(A) = pK~J /).

e In Ref. [381], LHCD reports agIZOdd and ag_‘)dd for the decays AY — pK ntn—, A) —
pK~"KtK~ and =) - pK~ K 7.

e In Ref. [382] LHCDb measures differences of CP asymmetries between A) and =} charmless
decays into a proton and three charged mesons and the decays to the same final states
with an intermediate charmed baryon.

107



e

Ace(BO =K+ ) 1 ol
Ap(B* =K+ K-m*) 4 e
AcplB* »n*n*n~) lef
Ac(B* »K*m*n=)A lof
Ace(B* 2K+ K+ K~) ol
Ace(B* »KIm*) o o |
AcpB* =K*putp=)+ ——
Acp(B® = K" (892)%) A e
AcplBO =K+ y) 4 o o
AlB* >K* y) —e—
AcelB* > K21+ y) ——
AlB* - X.y) 1 F——i
AcelB-K"y) e
AcelB* = 1K*) e
Ac(BO = K" (892)°%u* =) ——
Acs(B* »K* 1) =
AcrlB - Xey) | e
AcplB* 5K (1430)°0%) 1 e
AlB » Xs 1 ay) —e—
AcplB* »n*n®) ——
AcplB* 2 K" (892)°n+) 1 e
AcelB* = $(1020)K*) e
AcplA) = pK~ptp=) 1 e
AcelB° - 1K (892)°) e
AclB - K" (892)°n ™) e
AplB* »nnt) {1 p———
AcslB* - w(782)K*) 1 A
AcrlBO - $(1020)K * (892)°) e
Acs(B* —F(980)K *) e
AcelBY >K" (892)°K *K ) - e
AclB* - p* (770)p(770)) e
Acp(BY =K+ ) A e
Ap(B* »w(782)%) e
0.2 01 0.0 01 0.2

Figure 13: A selection among the most precise direct CP asymmetries (Acp) measured in
charmless BT and B° decay modes.
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8 Polarization measurements in b-hadron decays

In this section, compilations of polarization measurements in b-hadron decays are given. Ta-
bles [100} [101], and detail measurements of the longitudinal polarization fraction fr in B*
B®, and BY decays, respectively. They are followed by Tables and , which list
polarization fractions and CP parameters measured in full angular analyses of BT, B® and BY
decays. Figures [14] and [15| show graphic representations of a selection of results shown in this
section.

Most of the final states considered in the tables are pairs of vector mesons and thus, we
detail below the corresponding definitions. For specific definitions, for example regarding vector-
tensor final states or vector recoiling against dispin-half states, please refer to the articles. In the
decay of a pseudoscalar meson into two vector mesons, momentum conservation allows for three
helicity configurations: Hy, Hy;. They can be expressed in terms of longitudinal polarisation
amplitudes, Ay = Hj, and transverse polarization amplitudes, A, = (Hy; — H_1)/v/2 and
A = (Hy + Hy)/ V2. The corresponding amplitudes for the charge conjugate decays are
denoted Ay, A_”, and A . Using the definition

Fi=o),L = iy FroojL = = lEP =
Ol T AR AL+ AR T T AR+ AL 1 A

the following CP conserving and CP violating observables, which are used in our tables, are
defined:

F - F

1 T k=0,L1
Jr=o,)|,L 2( k+ Fr), Acp P+ I,

Note that, in the literature, f; and f; are used interchangeably to denote the longitudinal
polarization fraction.
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Table 100: Longitudinal polarization fraction, fr, in BT decays.

Parameter Measurements Average
fo(BT — w(782)K*(892)*)  BaBar [27]  0.4140.18 £0.05 0.41 +0.19
fo(Bt — w(782)K3(1430)*)  BaBar [27]  0.56 +0.10 £ 0.04 0.56 +0.11
— BaBar [61]  0.75703% +0.03 :
+ * + 0 0.26 +0.13
fu(BT = KH(892)T K (892)°) g 16 0] 1.06 + 0.30 £ 0.14 0-82 2017
BaBar [66]'  0.49 £ 0.05 & 0.03
fr(BT — $(1020)K*(892)*)  Belle [370] 0.52 +0.08 £ 0.03 0.50 + 0.05
Belle IT [63]"  0.58 & 0.23 4 0.02
fo(Bt — ¢(1020)K,(1270)*) BaBar [68]  0.46 *J12+0:06 0.46 + 0.14
fr(BT — ¢(1020)K3;(1430)") BaBar [68| 0.80 1599 +0.03 0.80 4 0.10
fo(BY — K*(892)*p°(770))  BaBar [44]  0.78 4£0.12+0.03 0.78 +0.12
BaBar [46]  0.52+0.10 4 0.04
+ * 0+
fu(BY — K*(892)°p*(T70)) o 7P 043 +0.11 7003 0.48 +0.08
BaBar [82]  0.950 + 0.015 4 0.006
fr(BY — p*(770)0°(770)) Belle 1T [83]"  0.943 70:0%° + 0.027 0.949 4 0.015
Belle [84] 0.948 £ 0.106 + 0.021
fr(BY — w(782)p™(770)) BaBar [27]  0.90 £ 0.05 & 0.03 0.90 + 0.06
fr(BY — ppK*(892)%) Belle [164] 0.3240.17 £ 0.09 0.32 +0.19

T Preliminary result.

I Combination of two final states of the K*(892)*, K2%r* and K*7°. In addition to the
combined results, the paper reports separately the results for each individual final state.

2 See also Ref. [50].
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Table 101: Longitudinal polarization fraction, f7, in B° decays.

Parameter Measurements Average
BaBar [27] 0.72+0.14 £ 0.02
f1(B® — w(782)K*(892)?) LHCD [383] 0.68 +0.17+£0.16 0.69 +0.11
Belle [103] 0.56 4 0.29 *J0%
f(BY — w(782)K3(1430)%) BaBar [27] 0.45+0.12 £ 0.02 0.45+0.12
—x LHCb [134] 0.724 £ 0.051 £ 0.016
0 * 0 0
fo(BY — K*(892)" K (892)") BaBar [135]  0.80 7019+ 0.06 0.73 £ 0.05
LHCD [384] 0.497 £ 0.019 £ 0.015
Belle [128] 0.499 £ 0.030 £ 0.018
0 * 0
Ju(B” = ¢(1020)K(892)°) BaBar [127]  0.494 4+ 0.034 £ 0.013 04974 0.017

Belle 11 [63]"

0.57+£0.20 £ 0.04

Belle [128] 0.918 T5:023 + 0.012

0 * 0 0.060 +0.032

B = oUOEGA300)  poparfi2r] 0001 0% +0037 0912 00w
LHCD [383]  0.164 %+ 0.015 4 0.022

0 * 0,0

Ju(B” — K*(892)°p7(770)) BaBar [117]  0.40 £0.08 +0.11 0.173 £ 0.026

fr(BY — K*(892)*tp=(770))  BaBar [117]  0.38 £0.13 £0.03 0.38 +0.13
Belle [151] 0.988 & 0.012 + 0.023

fr(B® — p*(770)p(770)) BaBar [152]  0.992 4 0.024 *3:9%6 0.985 £ 0.018
Belle II [153]"  0.956 & 0.035 4 0.033
LHCb [132]  0.745 1398 + 0.034

fr(BY — p°(770)p°(770))! BaBar [148]  0.75 7011 £0.04 0.71 4+ 0.06
Belle [147] 0.21 1033 £0.15

fr(B® — a1(1260)*a1(1260)7) BaBar [155]  0.31 £ 0.22 £ 0.10 0.31+0.24

fr(B® — ppK*(892)°) Belle [164] 1.01 £0.13 +0.03 1.01 £0.13

F(BY — A"1° K*(892)°) Belle [170]>®  0.60 «+ 0.22 + 0.08 0.60 & 0.23

| fL(B® = K*ut7),0.04 < ¢* < 6.0 GeV?/c!

ATLAS [354]  0.50 & 0.06 & 0.04 0.50 £ 0.07
| fL(B® = K*%te7),0.002 < ¢* < 1.120 GeV?/c*
LHCb [385]  0.16 & 0.06 + 0.03 0.16 £ 0.07

 Preliminary result.

! The PDG uncertainty includes a scale factor.
2 The charmonium mass regions are vetoed.

5 m o0 < 2.85 GeV/c?.
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Table 102: Longitudinal polarization fraction, fr, in B? decays.

Parameter Measurements Average

LHCb [143]  0.381 & 0.007 + 0.012
0
Fu(Bg = ¢(1020)9(1020)) CDF [201]  0.348 & 0.041 + 0.021

0.378 4 0.013
fu(BY = K*(892)°K"(892)°)  LHCD [134]  0.240+£0.031 +£0.025  0.24 & 0.04
FL(BY — $(1020)K"(892)°) LHCD [129]  0.51£0.15 +0.07 0.51 4 0.17
fu(BY — K5(1430)°K*(892)°)  LHCD [386]  0.911+£0.020 +£0.165  0.91 £0.17
fu(BY — K3(1430)°K"(892)°)  LHCD [386]  0.62+0.16 + 0.25 0.62 4 0.30

FL(BY — K3(1430)°K,(1430)°) LHCb [386]  0.25+0.14 £ 0.18 0.25 + 0.23

Table 103: Results of full angular analyses of BT decays.

Parameter Measurements Average

. BaBar [66]!  0.21 4 0.05 4= 0.02

FL(BT = ¢1020)K*(892)7) - o [3’70]I 0.19 = 0.08 £ 0.02

! Combination of two final states of the K*(892)*, K27* and K*7°. In addition to

the combined results, the paper reports separately the results for each individual
final state.

0.20 = 0.05

Table 104: Results of full angular analyses of B° decays.

Parameter Measurements Average

LHCD [384]  0.221 & 0.016 + 0.013
FL(BY = $(1020)K*(892)°)  Belle [128]  0.238 £ 0.026 +0.008  0.224 + 0.015
BaBar [127]  0.212 £ 0.032 + 0.013

BaBar [127]  0.002 T35 +0.031

0 * 0)1
Fo(B” = o(1020) K3 (14300)° pojie fi3g] 0,056 79920 4 009

0.029 F5:024

' The PDG uncertainty includes a scale factor.
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Table 105: Results of full angular analyses of B? decays.

Parameter Measurements Average

FL(BY = $(1020)6(1020)) LHCD [143] 0.290 £ 0.008 £ 0.007

CDF 01]  0.365+£0.044 £0027 O293=0010

fi(BY = ¢(1020)K7(892)°)  LHCb [129]  0.21+0.11 + 0.02 0.21 +0.11
fL(B® — K*(892)°K"(892)°) LHCb [134]  0.5264+0.0324£0.019  0.526 % 0.037

fi(BY = K*(892)°K"(892)°) LHCb [134]  0.2344+0.025+0.010  0.23+0.03
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Measurements that are not included in the tables (the definitions of observables can be found
in the corresponding experimental papers):

e In the angular analysis of B® — ¢K*(892)° decays |384], in addition to the results quoted
in Table [I04] LHCbD reports observables related to the S-wave component contributing
the final state Kt K~ K7~ fo(K7), fs(KK), 6s(Km), 6s(KK), As(Km)F, As(KK)F,
55(K7T)CP, 5S(KK)CP.

e In the amplitude analysis of B? — ¢¢ decays, in addition to the results quoted in Ta-
ble , LHCD, in Ref. |143], extracts the CP-violating phase ¢%** and the CP-violating
parameter || from a decay-time-dependent and polarisation independent fit. The CP-
violating phases ¢, and ¢, are obtained in a polarisation-dependent fit. A time-
integrated fit is performed to extract the triple-product asymmetries Ay and Ay. CDF,
in Ref. [201] also reports the triple-product asymmetries Ay and Ay .

e In Ref. [386], LHCD presents a flavor-tagged, decay-time-dependent amplitude analysis of
BY — (K*77)(K~7") decays in the K*7F mass range from 750 to 1600 MeV /c?. The
paper includes measurements of 19 CP-averaged amplitude parameters corresponding to
scalar, vector and tensor final states as well as the first measurement of the CP-violating
phase ¢,

e Reference [383] presents an amplitude analysis of B® — pK*(892)° realised by LHCb.
Scalar (5) and vector (V) contributions to the final state (7"7")(K*7~) are considered
through partial waves sharing the same angular dependence (VV, SS, SV, V.S) and the
corresponding amplitudes are extracted for each case. Triple product asymmetries are
also reported.
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Figure 14: Longitudinal polarization fraction in charmless B decays.
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Figure 15: Longitudinal polarization fraction in charmless BY decays.
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